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FINAL
BIOVENTING PILOT TEST AND
EXPANDED TREATABILITY STUDY WORK PLAN

SITE ST10
HICKAM PETROLEUM, OILS, AND LUBRICANTS PIPELINE

SITES ST12-A AND ST12-B
WAIKAKALAUA FUEL STORAGE ANNEX

HICKAM AIR FORCE BASE, HAWAII

1.0 INTRODUCTION

This work plan presents the proposed scope of work for bioventing pilot tests at two
sites (ST10 and ST12-B) and the expansion of an existing pilot-scale bioventing system
at one site (ST12-A) administered by Hickam Air Force Base (AFB), Hawaii (the
Base). The proposed scope of work will be performed by Parsons Engineering
Science, Inc. (Parsons ES) [formerly Engineering-Science, Inc. (ES)] for Hickam AFB
and the Air Force Center for Environmental Excellence (AFCEE) Technology Transfer
Division (ERT) under contract F41624-92-D-8036, Order 0017.

The pilot tests will be performed to determine the feasibility of bioventing for the
remediation of petroleum-contaminated soils at Sites ST10 and ST12-B. Based on
previous successful bioventing pilot test results at Site ST12-A, an expanded system
will be installed to treat a larger volume of contaminated soils at the site. Site locations
are illustrated in Figure 1.1. Sites ST12-A and ST12-B are specific areas located at the
Waikakalaua Fuel Storage Annex (FSA), which in its entirety is designated as Site
ST12. Site ST10 is located at Valve Pit 17 on the Hickam Petroleum, Oils, and
Lubricants (POL) pipeline, which runs from Pearl Harbor to the Waikakalaua FSA.
The Kipapa FSA branch of the POL pipeline connects with the Pearl
Harbor/Waikakalaua line at Valve Pit 17. The Hickam POL system, including Sites
ST10 and ST12, is now out of commission, and site restoration activities are currently
underway.

1.1 Bioventing Pilot Tests at Sites ST10 and ST12-B

The primary objectives of the proposed bioventing pilot tests at Sites ST10 and
ST12-B are to:

« Provide additional information regarding the extent of contamination at these sites
by sampling in areas potentially impacted by fuel hydrocarbons;

 Assess the potential for supplying oxygen throughout contaminated soil intervals;

1
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« Determine the rate at which indigenous microorganisms will degrade fuel when
supplied with oxygen-rich soil gas;

 Evaluate the potential for sustaining these rates of biodegradation until fuel
contamination is remediated to concentrations below regulatory standards; and

o Determine design parameters, such as well spacing and flow rates, for full-scale
bioventing system design.

The pilot tests will be conducted in two phases. For each of the two sites, the initial
phase will consist of construction of one or two vent wells (VWs) and three to four
vapor monitoring points (MPs), initial soil and soil gas characterization, in situ
respiration tests, and an air permeability test. Existing groundwater monitoring wells
may be used as additional MPs or VWs if portions of their screens are in unsaturated
soils. A pilot-scale blower system will be installed at each site to inject air into the
subsurface. This initial phase, along with system expansion at Site ST12-A, is
expected to take approximately 4 weeks. During the second phase, each pilot-scale
bioventing system will be operated and monitored for a 1-year period. At the end of
this period, in situ respiration testing and soil gas sampling will be performed to
determine the degree of cleanup achieved over 1 year of pilot-scale system operation.

1.2 Expanded Treatability Study at Site ST12-A

The primary objectives of the expanded bioventing treatability study at Site ST12-A
are to:

« Provide additional information regarding the extent of contamination, which has
not yet been entirely defined;

 Expand the system to more fully influence the contaminated area;

« Continue in situ remediation of fuel-contaminated soils by further stimulation with
oxygen-rich soil gas;

o Sustain in situ biodegradation until fuel-contaminated soils within shallow portions
of the unsaturated zone (i.e., the saprolite) are remediated to approved regulatory
standards; and

« Provide the most cost-effective remediation alternative for this site.

The expanded bioventing treatability study at Site ST12-A will be conducted in two
phases, concurrent with the bioventing pilot test activities described in Section 1.1.
The initial phase will consist of bioventing system expansion and startup. An
additional VW and MP will be installed, and an upgraded blower system will be
installed for air injection into the existing VW, a new VW, and an existing monitoring
well (MW). The blower will be conservatively sized so that additional VWs can be
installed and plumbed to the system in the future, if necessary. The system will be
started and optimized. During the second phase, the expanded system will be operated
and monitored for a 1-year period. In situ respiration testing and soil gas sampling will

3
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be performed at the end of the period to determine the degree of cleanup that was
achieved.

1.3 Preliminary Remediation Goals for Contaminants at Sites ST10 and ST12

Petroleum hydrocarbons within the vadose zone represent the primary contaminants
of concern at Sites ST10, ST12-A, and ST12-B. Specifically, benzene, toluene,
ethylbenzene, and xylenes (BTEX) represent the greatest risk due to their relatively
high toxicity and mobility as compared with aliphatic and larger aromatic hydrocarbon
compounds which may be present. Preliminary remediation goals, shown in Table 1.1,
were set in accordance with recommended cleanup criteria from Table 5.1 of the
Technical Guidance Manual for Underground Storage Tank Closure and Release
Response (State of Hawaii, Department of Health, 1992). BTEX contaminants within
the shallow unsaturated zone of Site ST12-A are expected to meet levels shown in
Table 1.1 as a result of expanded bioventing. Pilot testing at Sites ST10 and ST12-B
will assess the feasibility of meeting these levels via enhanced in situ biodegradation
through bioventing.

1.4 Project Deliverables

A report will be prepared following completion of the initial phase of testing and
system expansion at the three sites. This report will summarize the initial bioventing
pilot test results at Sites ST10 and ST12-B, and will make specific recommendations
for continued system operation and/or expansion. If the initial phase of testing at Sites
ST10 and ST12-B proves bioventing to be an effective means of remediating soil
contamination at one or both of these sites, pilot test data will be used to prepare a
conceptual full-scale design and cost estimate, and to estimate the time required for site
cleanup. An operation and maintenance (O&M) manual for the three systems and as-
built drawings of the expanded system at ST12-A will be provided. At the end of the
second testing phase, a letter report will be prepared to summarize long-term testing
results at the three sites, and to make recommendations for future action at the sites.

1.5 Work Plan Outline

This document is divided into 9 sections, including this introduction, and 2
appendices. Sections 2 and 3 present background information and proposed bioventing
pilot test activities at Sites ST10 and ST12-B, respectively. Section 4 addresses Site
ST12-A providing background information, a summary of successful results from the
previous bioventing pilot test, and a description of the proposed bioventing system
expansion. Section 5 describes proposed procedures for handling investigation-derived
waste (IDW), Section 6 presents Base support requirements, and Section 7 presents a
proposed project schedule for the activities described in this work plan. Section 8
provides key points of contact at Hickam AFB, AFCEE, and Parsons ES; and Section 9
provides the references cited in this document. Appendices A and B contain existing
geologic boring logs and relevant well construction diagrams for Sites ST12-B, and ST12-
A, respectively.

022/726876/97.WW6
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TABLE 1.1
PRELIMINARY REMEDIATION GOALS
FOR
SITES ST10, ST12-A, AND ST12-B
HICKAM AFB, HAWAII

Soil Concentration

Constituent (in parts per million)
Benzene 0.05
Toluene 7.0
Ethylbenzene 10.0
Xylenes 100.0

Reference: Table 5.1 (State of Hawaii, Department of Health, 1992).
Note: Reference document does not provide a cleanup criteria for xylenes.
The level provided for xylenes was determined using the same
methodology used by the State of Hawaii, Department of Health
to determine the levels for benzene, toluene, and ethylbenzene
(i.e. 10 times the maximum contaminant level (MCL) in drinking water).




Additional background information on the development and recent success of
bioventing technology is found in the protocol document entitled Test Plan and Technical
Protocol for a Field Treatability Test for Bioventing (Hinchee et al, 1992). This
protocol document will serve as the primary reference for pilot test well designs and the
detailed procedures to be used during bioventing pilot testing.

2.0 SITE ST10 (VALVE PIT 17)

This section provides background information on Site ST10, including a site
description and results of a recent soil gas survey, and a description of proposed
bioventing pilot test activities for the site.

2.1 Site Description
2.1.1 History of Site ST10

Valve Pit 17 is located on the inactive Hickam POL pipeline in Kipapa Valley,
approximately 2,000 feet southwest of Kipapa FSA. Valve Pit 17 is a subsurface vault
where the Kipapa branch of the Hickam POL pipeline joins the Waikakalaua line
(Figure 2.1). Site ST10 is located at Valve Pit 17.

Site ST10 is also designated as Leak Area 9 in previous reports. To date, two
monitoring wells have been installed near Valve Pit 17. STIOMWO1 was installed by
Harding Lawson Associates (HLA) in 1991, and STIOMWO02 was installed by Parsons
ES in December 1992.

2.1.2 Geology and Hydrology at Site ST10

Because bioventing technology is applied to unsaturated soils, this section primarily
discusses soils above the water table. Shallow deposits underlying the Valve Pit 17
area consist of alluvial sediments including clays, silts, and basalt cobbles and boulders.
A shallow water-bearing zone is encountered at depths ranging from approximately 25
to 35 feet bgs. This zone is hydraulically connected to the Kipapa Stream which is
located approximately 300 feet east of Valve Pit 17. Water from Kipapa Stream
migrates laterally from the stream bed into the unconsolidated alluvium. The
occurrence of the shallow water-bearing zone is sporadic and discontinuous, due to
variation in permeabilities of the unconsolidated materials. During periods of high rainfall,
Kipapa Stream rises and provides recharge to the shallow water-bearing zone, generally
resulting in increased water levels in the monitoring wells. Conversely, during dry periods,
the water levels tend to decrease in the monitoring wells. A geologic cross-section of Site
ST10 is provided in Section 2.3.

2.1.3 Contaminants at Site ST10

Soils at Site ST10 have been impacted by petroleum hydrocarbons through potential
leakage of the product piping and documented spills. A large accidental release of fuel
(approximately 15,000 gallons of AVGAS) from Valve Pit 17 occurred in either 1957
or 1958 (ES, 1984). While the extent of contamination at Site ST10 is not currently

6
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known, petroleum hydrocarbons, especially BTEX contaminants, are thought to be the
primary contaminants of concern. Table 2.1 provides soil and groundwater data for
Site ST10.

During construction of monitoring well STIOMWO02, soils appeared to be fuel-
contaminated at depths from 6 to 25 feet below ground surface (bgs) based on
photoinonization detector (PID) field screening. Groundwater samples collected from
monitoring well STIOMWO02 have shown varying concentrations of petroleum
hydrocarbons; and a “smear zone” of petroleum hydrocarbon contamination is suspected
to exist above the surface of the perched water zone at Site ST10.

2.2 Previous Bioventing Test Results at Site ST10

An initial soil gas survey for proposed bioventing activities was conducted at Site
ST10 on June 6, 1995. The soil gas ‘urvey was performed to collect preliminary
information regarding the extent of contamination and the feasibility of bioventing at
this site.

Bioventing is expected to be a feasible technology for soil remediation at Site ST10,
based on the results of initial soil gas sampling provided in Table 2.2. A soil gas
sample collected from monitoring well STIOMWO02 contained oxygen at a
concentration of only 2 percent, indicating that aerobic biodegradation of petroleum
hydrocarbons is occurring in unsaturated soils at this site. Although an elevated oxygen
concentration was present in the soil gas sample collected from monitoring well
ST10MWO1, “smear zone” soils slightly above the depth of the perched water table are
expected to be anaerobic. Monitoring well STIOMWO1 is screened through both
shallow clean soil and deeper contaminated soil. The oxygen detected in the soil gas
sample is believed to originate from the shallow soil, masking low oxygen
concentrations in the deeper soils.

2.3 Proposed Bioventing Pilot Test Activities at Site ST10

Pilot tests to determine the effectiveness of in situ bioventing for remediating
petroleum contamination in unsaturated zone soils are planned for Sites ST10 and
ST12-B. This section provides information regarding activities for Site ST10, to include,
the proposed locations and construction details for the VWs and MPs, the blower system
to be used for air extraction/injection into contaminated soils, and a brief description of the
pilot test procedures. Section 3.3 addresses pilot test activities planned for Site ST12-B.

2.3.1 Layout of Pilot Test Components

Figure 2.2, a proposed site layout, and Figure 2.3, a geologic cross-section,
illustrate the intended locations of the VWs, MPs, and blower system at Site ST10.
Soils at the two proposed VW locations are expected to be contaminated with petroleum
hydrocarbons and oxygen-depleted (< 2 percent); therefore, biological activity should
be stimulated by aeration with oxygen-rich soil gas during pilot test operations. A
review of the construction details for wells STIOMWO1 and STIOMWO?2 indicated that
they are suitable for use as VWs for air injection. The proposed locations for VW-1
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TABLE 2.2
SOIL GAS CHEMISTRY AT SITE ST10
JUNE 6, 1995 SURVEY
HICKAM AFB, HAWAIL

Screened

Interval ¥ Pressure 0O, CO, TVH"
Monitoring Point (feet bgs) (" H0) (percent) (percent) (ppmv)
SITE ST10 ¢
STIOMWO1 18-33 0.08 13 4.5 18,000
ST10MWO02 18-34 0 2.0 5.5 5,000

¥ Designates screened interval and its depth below ground surface in feet.
¥ TVH=total volatile hydrocarbons; ppmv = parts per million, volume per volume.
¥ Site measurements were taken under static conditions.

022/726876/100.XLS
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and VW-2 will maximize the extent of contaminated soil that can be oxygenated at Site
ST10, assuming that in addition to VW-1, STIOMWO1 and STIOMWO2 can be used
for air injection. To avoid creation of a stagnant zone between the VWs and MWs, soil
gas will be extracted from VW-2, mixed with atmospheric air, and reinjected into VW-
1 and the MWs. This set-up should enhance the flow of oxygenated soil gas beneath
the valve pit, and eliminate issues regarding atmospheric emission of soil vapor.
However, the proposed VW locations are located on private property, and Hickam
AFB must obtain an access agreement with the property owner before drilling activities
occur (Hickam AFB has an easement that runs parallel to the pipelines approximately 5
feet from the outer edge of the pipe). Based on previous pilot testing experience at Site
ST12-A (ES, 1993a) and the Kipapa FSA (ES, 1994), the radius of venting influence
around a single VW at Site ST10 is expected to be 30 to 40 feet.

2.3.2 Vent Well Installations

The two VWs will be constructed of 4-inch-diameter, Schedule 40 polyvinyl
chloride (PVC) pipe. The screened intervals (0.04-inch slotted screen) are estimated to
be set between 10 and 30 feet bgs. Final placement of the screened interval will be
determined in the field depending on contamination encountered during installation
activities. Flush-threaded PVC casing and screen with no organic solvents or glues will
be used. The filter pack will be clean, well-rounded, No. 6-9 silica sand placed in the
annular space from the bottom of the borehole to at least 2 feet above the screened
interval. A bentonite seal will be placed directly over the filter pack to produce an air-
tight seal above the screened interval. The bentonite seal will be placed in 1-foot
layers, with each layer hydrated in place with potable water prior to the addition of
subsequent layers. A complete seal is critical to prevent injected air from short-
circuiting to the surface during the bioventing test. The VW surface completion will
consist of a 12-inch diameter, flush-mounted, protective well box emplaced in a
concrete pad. Figure 2.4 illustrates the proposed VW construction details for Site
ST10.

2.3.3 Monitoring Point Installations

Proposed multi-depth vapor MP installations for Site ST10 are shown on Figure 2.5.
Soil gas oxygen, carbon dioxide, and TVH concentrations will be monitored at
screened depths at each MP. Soil temperatures will be monitored using thermocouples
installed in the shallow and deep screened intervals of MPA. Multi-depth monitoring
will confirm whether the entire soil profile is receiving oxygen, and will allow fuel
biodegradation rates to be measured at three separate depths.

Each MP will be constructed with three vapor probes placed within a No. 6-9 silica
sand pack, separated by bentonite seals. Each vapor probe will be constructed of 6-
inch-long sections of 1-inch-diameter PVC well screen. The final placement of the
vapor probes will be determined based on site conditions encountered during
installation activities. The bentonite will be placed in 1-foot layers and hydrated with
potable water prior to placement of subsequent layers to ensure complete saturation of
the bentonite. Additional details on VW and MP construction are presented in Section
4 of the protocol document (Hinchee et al., 1992).
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2.3.4 Background Monitoring Points

Background MPs are required to measure background levels of oxygen and carbon
dioxide in unimpacted soils to determine if natural carbon sources are contributing to
oxygen uptake during in situ respiration testing. Existing background monitoring point
STO1-BG, installed during previous pilot testing efforts at Kipapa FSA (Site STO1),
will be used during the pilot test since soils at Site STO1 are similar to those at Site
ST10.

2.3.5 Soil and Soil Gas Sampling
2.3.5.1 Soil Samples

Six soil samples will be collected from the pilot test area during installation of the
VWs and MPs. These soil samples will be submitted to a certified laboratory for
analyses. Sampling procedures will follow those outlined in the protocol document
(Hinchee et al., 1992). A TVH vapor analyzer will be used during drilling to screen
split-spoon samples for intervals of high fuel contamination. Split-spoon samples will
be collected at 5-foot intervals. Based on field screening results, six samples from the
most highly contaminated locations at the site will be analyzed for TRPH by US
Environmental Protection Agency (EPA) Method 8015 (modified) and BTEX by EPA
Method 8020. Three of the six samples obtained from the site will also be analyzed for
soil moisture, pH, particle size, alkalinity, total iron, and nutrients.

Soil samples for laboratory analyses will be collected using a split-spoon sampler
containing brass tube liners. Soil samples collected in the brass tubes for TRPH,
BTEX, and physical parameter analyses will be immediately trimmed, and the ends will
be sealed with aluminum foil or Teflon® fabric held in place by plastic caps. Soil
samples will be labeled following the nomenclature specified in the protocol document
(Section 5), wrapped in plastic, placed in a cooler with ice, and maintained at a
temperature of 4 degrees centigrade (°C) for shipment. A chain-of-custody form will
be completed, and the cooler will be shipped to a certified laboratory for analysis.

2.3.5.2 Soil Gas Samples

Soil gas samples will be collected from the VWs, MWs, and MPs and field-screened
for oxygen, carbon dioxide, and TVH. Soil gas samples from the six most
contaminated locations at the site will be collected in SUMMA?® canisters in accordance
with the Bioventing Field Sampling Plan (ES, 1992) and submitted for laboratory
analysis. These soil gas samples will be used to predict potential air emissions, to
determine the reduction in BTEX and TVH during the 1-year tests, and to detect any
migration of these vapors from the source areas.

Soil gas sample canisters will be placed in a small cooler and packed with foam
pellets to prevent excessive movement during shipment. Samples will be sent at
ambient temperature to prevent condensation of hydrocarbons. A chain-of-custody
form will be completed, and the cooler will be shipped to the Air Toxics, Inc.
laboratory in Folsom, California for BTEX and TPH analysis by EPA Method TO-3.

16
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2.3.6 Blower System

A 2.5-horsepower regenerative blower capable of injecting air over a wide range of
flow rates and pressures will be used to conduct the initial pilot test and extended pilot
testing at Site ST10. Figure 2.6 presents a general schematic of the air injection system
to be used for pilot testing at Sites ST10 and ST12-B. The maximum power
requirement anticipated for the pilot test is 240-volt, single-phase, 30-amp service.
Electrical power will be obtained from the existing power pole located adjacent to
Valve Pit 17 (Figure 2.2). Installation of electrical equipment, buried electrical
conduits, and necessary wiring will be provided by an electrical subcontractor hired by
Parsons ES.

2.3.7 In Situ Respiration Tests

The objective of in situ respiration testing is to determine the rate at which soil
bacteria degrade petroleum hydrocarbons at the site. Respiration tests will be
performed at selected MPs where bacterial biodegradation of hydrocarbons is indicated
by low oxygen levels and elevated carbon dioxide concentrations in the soil gas. Using
l-cubic feet per minute (cfm) pumps, air will be injected into approximately four MP
depth intervals containing low levels (< 2 percent) of oxygen. A 20-hour air injection
period will be used to oxygenate local contaminated soils. At the end of the 20-hour
air injection period, the air supply will be cut off, and oxygen, carbon dioxide, and
TVH concentrations will be monitored during the following 48 to 72 hours. The
decline in oxygen and increase in carbon dioxide concentrations over time will be used
to estimate rates of bacterial degradation of fuel residuals. Helium, an inert gas, will
also be injected into the selected MP screened intervals to assess the extent of soil gas
diffusion and to determine the effectiveness of the MP bentonite seals. Additional
details on the in situ respiration test are found in Section 5.7 of the protocol document
(Hinchee et al., 1992).

2.3.8 Air Permeability Test

The objective of the air permeability test is to determine the extent of the subsurface
that can be oxygenated using one air injection VW. Prior to initiating the tests,
baseline concentrations of oxygen, carbon dioxide, and TVH will be measured in soil
gas from the VWs, MWs, and each MP screened interval.

Air will be injected into VW-2 using the blower unit, and pressure response will be
measured at each MP with differential pressure gauges to determine the region
influenced by the unit. Oxygen will also be monitored at the MPs to ascertain whether
oxygen levels in the soil gas increase as the result of air injection. The air permeability
test will last between 4 and 24 hours depending on the “tightness” of soils at ST10.

Ambient air quality monitoring will be conducted during the air permeability test to
determine if air injection into the soil will displace volatile organic compounds (VOCs)
into the atmosphere. Air quality monitoring will be conducted using a PID with a
detection limit of 1 ppmv. Monitoring will be conducted across the pilot testing area
on an hourly basis, at a minimum, during the first four hours of the air permeability

17
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test. If VOCs are detected in ambient air at concentrations exceeding safety thresholds,
the test will be discontinued. If VOCs are detected at lower concentrations, monitoring
will continue until the detections dissipate. If VOCs persist in ambient air, corrective
action (i.e. decreasing the air injection flow rate, identifying and blocking preferential
flow channels to the surface) will be taken. If these corrective actions are performed
and VOCs still persist in ambient air, the test will be discontinued and an alternative
remedial approach will be recommended to Hickam AFB. Past experience at other
Hickam AFB bioventing sites has shown that VOCs are rarely driven into the
atmosphere at detectable concentrations during bioventing operations.

2.3.9 Installation of 1-Year Pilot-Scale Bioventing System

The pilot-scale bioventing system to be installed at Site ST10 will be in operation for
a 1-year period. It is anticipated that the blower will extract air from VW-2 and inject
air into VW-1 and the two MWs at approximately 25 standard cubic feet per minute
(scfm) per well. The VWs and MWs will be manifolded to the blower unit at Site
ST10 as shown on Figure 2.2. The blower will be housed in small, lockable,
prefabricated shed to provide protection from the weather. The blower unit will be
explosion-proof, and electrical wiring will be installed in accordance with the National
Electric Code (NEC) and Base codes for locations with potentially explosive
atmospheres.

The system will be in operation for 1 year. System checks will be performed by
Hickam AFB personnel once every two weeks. If required, major maintenance of the
blower unit will be performed by Parsons ES personnel. Detailed blower system
information and a maintenance schedule will be included in the operation and
maintenance (O&M) manual that will be provided to the Base. After the system has
operated for 1 year, Parsons ES personnel will return to the site to conduct in situ
respiration testing and soil gas sampling to determine the long-term effectiveness of the
system.

3.0 SITE ST12-B (WAIKAKALAUA FUEL STORAGE ANNEX)

This section provides information on Site ST12-B. Its format is similar to the
previous section on ST10, providing site specific information and a description of
proposed bioventing pilot test activities for the site.

3.1 Site Description

As shown in Figure 3.1, Site ST12-B is located near the southern boundary of
Waikakalaua FSA. Waikakalaua FSA (Site ST12) is a former fuel handling and storage
facility occupying 34 acres of property located approximately 2 miles south of Wheeler
Army Air Field. Site ST12 contains nine underground storage tanks (USTs) with a fuel
storage capacity of 1.75 million gallons each. The facility operated as the northern
terminus of the Hickam POL system from May 1943 until April 1993, when the facility
was decommissioned.
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3.1.1 History of Site ST12-B

Figure 3.2 shows the layout of Site ST12-B. Similar to Site ST12-A located to the
northeast, an open-bottomed drywell at the site was formerly used for the disposal of
waste petroleum hydrocarbons. The drywells located at Sites ST12-A and ST12-B are
suspected to be the primary sources of petroleum hydrocarbon contamination in the
subsurface at Waikakalaua FSA. Monitoring well MW-7 at Site ST12-B was installed
in 1988 during the first subsurface investigation at Site ST12 (HLA, 1992). Parsons
ES installed STI2MWO3, a groundwater monitoring well, at the site in the spring of
1993 (Parsons ES, 1995). In previous reports, the Waikakalaua FSA was designated as
Site 2.

3.1.2 Geology and Hydrology at Site ST12-B

In general, shallow deposits at the Waikakalaua FSA consist of unconsolidated fill
and colluvium (clay and silt) overlying a layer of saprolite (weathered basalt). Beneath
the saprolite, bedrock consists of layered basalt flows of varying thickness, with
occasional saprolitic zones between flows. The basalt and saprolite are generally
heavily fractured, with some more competent layers or zones that may act as local
aquitards. At Site ST12-B, the fill and colluvium extend to a depth of 80 feet bgs, and
the saprolite layer extends from 80 to 110 feet bgs. Basalt occurs at 110 feet bgs.
Geologic boring logs for MW-7 and STI2MWO3 and construction details of MW-7 are
included in Appendix A.

The Pearl Harbor basal aquifer underlies Site ST12. The water table surface of the
basal aquifer is located between approximately 650 and 730 feet bgs. Regional
groundwater flow is to the south/southeast, toward Pearl Harbor. However,
groundwater elevation data collected by Parsons ES from the three groundwater
monitoring wells at Site ST12 (Figure 3.1) between November 1993 and March 1994
indicate that basal groundwater flow beneath Waikakalaua FSA could be toward the
northwest. Based on the water level data, the gradient is approximately 0.003 feet per
foot (ft/ft).

3.1.3 Contaminants at Site ST12-B

The primary contaminants at this site are petroleum hydrocarbons present in the
unsaturated zone. Significant concentrations of petroleum contaminants have been
detected near the drywell in soil samples from depths greater than 20 feet. This depth
corresponds with the bottom of the concrete-lined drywell. Petroleum hydrocarbon
contaminants have also been detected in groundwater beneath Site ST12-B. Table 3.1
summarizes available soil and groundwater sample data of petroleum hydrocarbon and
BTEX contamination at the site.

Previous investigations at Site ST12-B included construction of two monitoring
wells, MW-7 and STI12MWO03. At MW-7, soils were impacted by petroleum
hydrocarbons between depths of approximately 30 and 90 feet bgs, based on organic
vapor analyzer (OVA) readings. A soil sample collected from a depth of 88 feet bgs
during the installation of MW-7 in January and February 1988 yielded a TRPH

21

022/726876/97.WW6




L 80 310 G6/81/60 ‘C6OLNASE\WYMDIH\ M

opeiojOoD ‘48AUSQ

"INI'SINZISS ONIHIINIONS (=
SNOSNHYJ m

llemeH ‘g4y weMoIHy
xauuy oBeiois |en4 enejeyesyiep

AYVANNOS NOLLVTTVLASNI ONV 3ON3d4 MNIT NIVHO

X

VIH A8 Q3ITIVISNI T13M ONRIOLUNOW b £—MW

22

S3 SNOS¥Vd A8 GITIVASNI T13M ONINOLINOW COMWZLLS
1NOAV1 8-¢11S 3IlIS %
Z°'€ JUNOI4 N49
1333
;
09 e >, © —
> W *é ,
Wy x
4 / AN
310d ¥IMod A —
A
S ¥
VY v O
3dO7s ¢ % .
J31S 40 WoLy Y /7 9018
og 77 ¥OLVH3NID
% 2 310d YOI g———— 7, GNNO¥OXIANN
A . >
A A v O S
3 1SNVHX3
O a3z P @
A
<0y A IN3A N
A »
A

——————




*s[qeondde 0N = YN

“Ilom Supoyuow Sunup 03 Joud GUMINLS 03 Wv0R(pe PITUP A0Y 1011

*apeordnp Pim po3eIoas IRy

3o Jod surasBosorm = /30

“JWI] WONoARp AlojrIoqu] UBL s8] 81 3[neas S(dures sj0wp >,

*}5UI 10U SI9M BLISIO [onuos Arenb q S0BA P 8o U §1 13q PoIBIOOSSE S ‘soaamoy ojdures S UL pSRSIOP M Ah[suR Y], ,
*§661 ‘*oU] ‘sowdiog SunsemSuy suosieg

"pouiodas 10N = YN ,

*(F1qefTBAY J0U J{W] UOROIRP Al0jasoqu]) paoaep 10N = AN ,

“T661 '8810089y puv Uosme] Suprsy

“ures3opry Jod swaadfmu = 3y/8w {1 g1p popewm YT Aq pozAvIs suoqisooapAl ums[onsd o[quIoa0oss W0l = HAL 4
*208)ms punoad mojaq 3995 Ul [pdop ofdureg |

AN 91 L3°81> oy AN Sq suosreq €6/10/1  Hd-tOMNTILS
06 460 LAl 8’1 00T §Y suosreq $6/02/1 (EOMNCILS
SLE €T 1T oy 00T SY suosreqd £6/91/L [MEOMINTLLS

130 1/30) GTED) (1730 \_ﬁ\wa 0us1e)ey areq UonEo0|
SausjAY suazuAqIAYIg susnjo], Quazuag HAL Suipdureg

SUOQIBIOIPAT] JIJBMPUNOIL)

£10°0 $00°0> 810°0 €10°0 o'sy> SH suosreqd (4] COMINCILLS
€00°0 10°0> (5£00°0 S00°0> 809 §H suosreq 172 COMINTILS
wo'o 600°0 6¥0°0 €0°0 o'sy> SY suosred 124 EOMNCLLS
$00°0> $00°0> S00°0> 7500°0> 20711 gSgsuosreq 6T EOMINCILS
aN aN aN AN aN VIH ST T 3uuog
aN aN aN IN aN VIH 91 1 3uuog
aN aN aN AN aN VIH 14 1 3unog
aN aN aN AN 159 VIH 88 LM
aN aN aN IN aN VIH 85 LM
aN aN aN pAN AN PV IH (43 L-MIN
G1/3m) EE7E) @AW @AW @AW oovelpd | ,(63q1) Tone00]
SOUSIAY suszuRqIAYIY suanjo], suozueg HAL pdeq Surdweg

SU0QIB20IPAH [10S
IIVMVH ‘d4V WVIOIH

XHANNY 3DVIOLS THNA VAVIVIVIIVM
4-T1LS HLIS LV N4HONOD 40 SINVNIWV.INOD
't 1dV.L

S1X"101/9489TLITL0

23



concentration of 594 mg/kg. In March 1993, during construction of groundwater
monitoring well STI2MWO3, soils were found to be contaminated at depths between 20
and 130 feet bgs, based on PID measurements. A groundwater sample collected at
approximately 650 feet bgs from STI2MWO3 yielded a total petroleum hydrocarbon
(TPH) concentration of 200 micrograms per liter (ug/L).

3.2 Previous Bioventing Test Results at Site ST12-B

An initial soil gas survey for proposed bioventing activities was conducted at Site
ST12-B on June 6, 1995. As was the case with Site ST10, the soil gas survey was
performed to collect preliminary information regarding the extent of contamination and
the feasibility of bioventing at the site. Soil gas survey results for Site ST12-B are
presented in Table 3.2.

A soil gas sample collected from monitoring well MW-7 contained an elevated
oxygen concentration (15.5 percent) and TVH were not detected, indicating that the
basalt at this sampling location was not impacted by petroleum hydrocarbons at depths
ranging from 135 to 155 feet bgs. Based on observations made during the installation
of MW-7 and ST12MWO03, and during bioventing pilot testing at nearby Site ST12-A,
soils at shallower depths (in the saprolite and clay layers) are petroleum-impacted and
are expected to be oxygen-depleted. Thus, the installation of a pilot-scale bioventing
system at ST12-B should enhance the degradation of petroleum hydrocarbons in the
clay and saprolite, and protect the underlying basalt from future petroleum hydrocarbon
contamination.

3.3 Proposed Bioventing Pilot Test Activities at Site ST12-B

This section describes the bioventing pilot test activities proposed for Site ST12-B.
The pilot test activities planned for Site ST12-B are generally the same as those
previously discussed for Site ST10; however, bioventing system design varies
somewhat between the two sites.

3.3.1 Layout of Pilot Test Components

The proposed site layout and a geologic cross-section of Site ST12-B are provided at
Figures 3.3 and 3.4, respectively. Because the extent of hydrocarbon contamination
has not yet been defined at the site, the proposed system layout is designed to maximize
the area to be characterized. The VW location is set immediately adjacent to the
drywell, the suspected source of petroleum hydrocarbon contamination. Soils at the
VW are expected to be contaminated with petroleum hydrocarbons and oxygen
depleted, and as a result, a good candidate for enhanced in situ biodegradation through
bioventing. The MPs were placed in an attempt to surround the drywell in order to
evaluate the extent and location of vadose zone contamination and the effectiveness of
bioventing pilot test activities. Air injected into the VW should enhance natural
biodegradation fuel contaminants in the saprolite and clay layers. The radius of venting
influence at the VW is expected to be 30 to 35 feet. While initial soil gas survey
results (presented in Table 3.2) indicate the basalt at 135 to 155 feet bgs is not
currently impacted by petroleum hydrocarbons, groundwater beneath Site ST12-B was
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TABLE 3.2
SOIL GAS CHEMISTRY AT SITE ST12-B
JUNE 6, 1995 SURVEY

HICKAM AFB, HAWAII
Screened
Interval ¥ Pressure 0, CO, TVHY
Monitoring Point (feet bgs) (" Hx0) (percent) (percent) (ppmv)
SITE ST12-B ¥
MW-7 134.5-155 04 15.5 2.8 0

¥ Designates screened interval and its depth below ground surface in feet.
¥ TVH=total volatile hydrocarbons; ppmv = parts per million, volume per volume.
“Site measurements were taken under static conditions.
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found to contain elevated TPH concentrations during the installation of STIZMWO03. A
manifold will be installed on the blower system and air will also be injected into MW-7
as a means of potentially remediating any fuel contamination which may exist in the
basalt zone.

3.3.2 Vent Well Installations

The VW will be constructed of 4-inch-diameter Schedule 40 PVC pipe. The 0.04-
inch slotted screened interval is estimated to be set between 20 and 100 feet bgs at Site
ST12-B. Vent well construction at Site ST12-B will be similar to that described in
Subsection 2.3.2. Figure 3.5 illustrates the proposed VW construction details for Site
ST12-B.

3.3.3 Monitoring Point Installations

Proposed multi-depth vapor MP installations for Site ST12-B is shown on Figure
3.6. Soil gas oxygen, carbon dioxide, and TVH concentrations will be monitored at
screened depths at each MP. Soil temperatures will be monitored using thermocouples
installed in the shallow and deep screened intervals of MPA. Multi-depth monitoring
will confirm whether the entire soil profile is receiving oxygen, and will allow fuel
biodegradation rates to be measured at three separate depths. Monitoring point
construction will resemble that previously described in Subsection 2.3.3.

3.3.4 Background Monitoring Points

Existing background monitoring point, 2-BG installed during previous pilot testing
efforts at ST12 will be used during the pilot test. Soils at this MP are similar to those
at ST12-B.

3.3.5 Soil and Soil Gas Sampling
3.3.5.1 Soil Samples

Soil samples at Site ST12-B will be collected in accordance with Subsection 2.3.5.1;
however, split-spoon samples will be collected at 10 foot intervals for evaluation of
subsurface fuel contamination.

3.3.5.2 Soil Gas Samples

Soil gas samples will be collected in accordance with Subsection 2.3.5.2.

3.3.6 Blower Systems

Similar to Site ST10, a 2.5-horsepower regenerative blower capable of injecting air
over a wide range of flow rates and pressures will be used to conduct the initial pilot
test at Site ST12-B (Figure 2.6); however, a 5-horsepower regenerative blower will be
used for extended testing. The maximum power requirement anticipated for Site ST12-
B pilot test is 480-volt three-phase, 20-amp service. Electrical power will be obtained
from inside the Emergency Generator Building located at the site. Installation of
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electrical equipment, buried electrical conduits, and necessary wiring will be provided
by an electrical subcontractor hired by Parsons ES.

3.3.7 In Situ Respiration Tests
In situ respiration tests will be conducted in accordance with Subsection 2.3.7.

3.3.8 Air Permeability Test

The air permeability test at Site ST12-B will be conducted in accordance with
Subsection 2.3.8.

3.3.9 Installation of 1-Year Pilot-Scale Bioventing System

The pilot-scale bioventing system to be installed at Site ST12-B will be in operation
for a 1-year period. It is anticipated that the test blower will have a flow rate of
approximately 125 scfm, distributing atmospheric air to both the VW and MW-7. The
blower will be housed in a small, lockable, prefabricated sheds providing protection from
the weather. Like Site ST10, the blower unit will be explosion-proof, and electrical wiring
will be installed in accordance with NEC and Base codes for locations with potentially
explosive atmospheres.

The system will be in operation for 1 year. System checks will be performed by
Hickam AFB personnel once every two weeks. If required, major maintenance of the
blower unit will be performed by Parsons ES personnel. Detailed blower system
information and a maintenance schedule will be included in the O&M manual that will
be provided to the Base. After the systems has operated for 1 year, Parsons ES
personnel will return to the site to conduct in situ respiration testing and soil gas
sampling to determine the long-term effectiveness of the system.

4.0 SITE ST12-A (WAIKAKALAUA FUEL STORAGE ANNEX)

This section discusses Site ST12-A, the results of successful bioventing pilot test
activities at the site, and the expanded bioventing treatability study to be performed.

4.1 Site Description

Figure 3.1 (in the previous section) shows the location of Site ST12-A within the
Waikakalaua FSA. Site ST12-A is located approximately 150 feet southeast of UST #8
and within 30 feet of the eastern boundary.

4.1.1 History of Site ST12-A

Similar to Site ST12-B, the open-bottomed drywell at Site ST12-A was previously
used for disposal of waste petroleum products at the FSA. The initial subsurface
investigation at the site occurred in 1988 with the drilling and installation of MW-6
(HLA, 1992). The installation of a pilot-scale bioventing system in April 1993 by
Parsons ES (ES, 1993a) has provided further information regarding subsurface
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contamination of the vadose zone and contaminant treatability at Site ST12-A. Figure
4.1 shows the layout of the pilot-scale bioventing system installed at Site ST12-A.

4.1.2 Geology and Hydrology at Site ST12-A

As previously discussed in Section 3.1.2, lithology at the Waikakalaua FSA,
generally is composed of shallow deposits of unconsolidated clay and silt overlying a
layer of saprolite. At Site ST12-A, the fill and colluvium extend to a depth of
approximately 25 feet bgs, and the saprolite layer extends from 25 to 110 feet bgs. As
is the case at Site ST12-B, basalt occurs at 110 feet bgs. During the installation of the
bioventing pilot test system in April 1993, perched water was discovered approximately
55 feet bgs at MPA, MPB, MPC, and the VW. Additionally, a shallow zone of
perched water was also encountered at MPA from 15 to 17 feet bgs. No perched water
was discovered at the site in follow-up sampling performed in June 1994. Geologic
boring logs of MW-6, the VW, and MPs, and construction details for MW-6 are
included in Appendix B. The hydrogeology for Site ST12 was discussed previously in
Section 3.1.2.

4.1.3 Contaminants at Site ST12-A

As is the case at Site ST12-B, the primary contaminants of concern at this site are
petroleum hydrocarbons present in the vadose zone. Although leaks in the USTs and
associated product piping are potential sources of contamination for Site ST12 in
general, the drywell represents the only confirmed source of subsurface contamination
for Site ST12-A. Elevated concentrations of petroleum hydrocarbon contaminants were
detected in soil samples at depths below the drywell bottom (greater than 20 feet bgs).
Table 4.1 provides initial soil hydrocarbon data for MW-6 and Soil Boring #2, as well
as sample results following 1-year of pilot test bioventing at Site ST12-A.

At Site ST12-A, the highest contaminant concentrations detected during drilling
associated with construction of monitoring well MW-6 included TRPH at 3,980
milligrams per kilogram (mg/kg). Contamination is known to extend to a depth of at
least 88 feet bgs at this location (HLA, 1992). Further soil analytical data collected as
part of the bioventing pilot test is presented in Section 4.2.

4.2 Previous Bioventing Test Results at Site ST12-A

This section describes the results of the previous bioventing pilot test performed by
Parsons ES at ST12-A, and summarizes the results of a soil gas survey conducted by
Parsons ES at the site on June 6, 1995.

4.2.1 Results of Bioventing Pilot Testing at Site ST12-A

A bioventing pilot test was performed at Site ST12-A by Parsons ES for AFCEE
between March 1993 and June 1994. The pilot test was performed in initial and
extended testing phases. Results of the initial pilot testing phase were reported by
Parsons ES (ES, 1993a), and extended testing results were reported by AFCEE (1995).
Results from the 1-year bioventing pilot test completed at Site ST12-A indicate the
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effectiveness of in situ bioventing for enhancing biological fuel degradation in vadose
zone soils.

The pilot test system at Site ST12-A was installed in March and April of 1993, and
was designed to supply oxygen-rich soil gas to vadose zone soils contaminated from
past disposal activities at the drywell (Figure 4.1). The air injection VW was placed
less than 10 feet from the drywell to maximize aeration in areas thought to be most
highly contaminated with petroleum hydrocarbons. MPA, MPB, and MPC were
installed at distances of 9 feet, 19 fect, and 39 feet from the VW, respectively.
Background MP 2-BG was installed to examine the characteristics of unimpacted soil
and soil gas. During drilling and well installation, hydrocarbon-contaminated soils
were encountered at depths below 20 feet bgs at MPA and the VW, and below 30 feet
bgs at MPB. No significant petroleum contamination was discovered in soil at MPC,
suggesting that the petroleum contamination may be contained within a 30 to 35-foot
radius of the drywell.

4.2.1.1 Initial Soil Gas Conditions at Site ST12-A

An initial soil gas survey indicated that aerobic petroleum hydrocarbon
biodegradation was occurring in vadose zone soils at rates fast enough to deplete the
concentrations of oxygen in the soil gas, demonstrating the need for an active
bioventing system to supply oxygen to the contaminated soils. Initial oxygen levels
were depleted (0 to 5 percent) and carbon dioxide concentrations were elevated (3.8 to
11.3 percent) in soil gas from petroleum-contaminated soils. In contrast, soil gas from
background MP 2-BG at 71 feet bgs contained oxygen at a concentration of 11.5
percent and carbon dioxide at a concentration of 0.3 percent, demonstrating that
oxygen depletion and carbon dioxide accumulation in contaminated soil was due to the
biodegradation of petroleum rather than the biodegradation of naturally occurring soil
organic matter or abiotic processes. Soil gas samples could not be collected from a
number of the MP screens due to high soil moisture concentrations and the presence of
impermeable soils at some depth intervals (ES, 1993a).

4.2.1.2 In Situ Respiration Rates at Site ST12-A

In situ respiration testing was conducted to determine the rates at which native soil
bacteria could biodegrade petroleum hydrocarbons. Table 4.2 summarizes the results
of three in situ respiration testing events that occurred during the bioventing pilot test.
Aerobic petroleum hydrocarbon biodegradation was estimated to occur at significant
rates, ranging from 20 to 2,300 mg TRPH biodegraded per kg of soil per year and
averaging 750 mg/kg per year. At a petroleum hydrocarbon biodegradation rate of 750
mg/kg per year, even the most highly contaminated soils, containing TRPH at
concentrations up to 3,980 mg/kg, could theoretically be remediated to below 50 mg/kg
within 5 years of bioventing system operation. Respiration and fuel biodegradation
rates at the site have remained relatively constant over 1 year of extended testing (Table
4.2), indicating that the vadose zone soils still contain significant concentrations of
readily biodegradable petroleum hydrocarbons and demonstrating the need for
continued bioventing system operation.
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4.2.1.3 Air Permeability at Site ST12-A

An air permeability test was performed at Site ST12-A to determine the volume of
soil that could be oxygenated using a single VW. Air was injected into the VW for
approximately 6 days, while pressure response and oxygen influence were measured at
the MPs. There was no noticeable pressure or oxygen influence at any MP screens
during the first 2 days of testing due to the impermeable nature of the soil at some
depths, and due to the high moisture conditions broughit on by the presence of perched
water. Over the 6-day testing period, the air injection flow rate increased from 20 cfm
to 75 cfm as soil moisture was displaced and preferential air flow channels developed in
the soils. By the end of the 6-day test, significant pressure and oxygen influence were
measured at MPA at 24.3 feet bgs, MPB at 36.1 feet bgs, and MPC at 37.6 feet bgs,
demonstrating that a radius of influence of approximately 40 feet could be achieved in
intermediate-depth soils (20 to 40 feet bgs) at the site.

Soil gas samples could not be collected from shallow (12.4 to 15 feet bgs) or deep
(70 to 73.2 feet bgs) MP screens during the air permeability test because they were
placed in impermeable and/or saturated soils. During the soil gas survey described in
Subsection 4.2.2, it was demonstrated that the deeper intervals are now permeable
enough to allow oxygen delivery, probably due to decreased soil moisture content at
these depth intervals, and that the shallow intervals were still too impermeable to
sample. The shallow MP screens were placed in uncontaminated soils above the zone
of contamination, so oxygen delivery is not critical at these depth intervals. Generally,
contaminated colluvium and saprolite at Site ST12-A are permeable enough to
oxygenate using in situ bioventing.

4.2.1.4 Soil and Soil Gas Sampling Results at Site ST12-A

Soil and soil gas samples were collected during the installation of the pilot-scale
bioventing system in March and April of 1993 to determine the initial contaminant
concentrations at the site. Samples were collected from the same locations in May and
June of 1994, after 1 year of pilot-scale system operation, to determine the degree of
cleanup achieved after 1 year of pilot-scale soil treatment. Significant reductions in
petroleum hydrocarbon concentrations occurred at Site ST12-A over 1 year of pilot-
scale bioventing (Table 4.3).

Soil gas TVH and BTEX concentrations were reduced significantly at the VW and
MPA. These reductions have been caused by enhanced biodegradation of fuel
contaminants resulting from soil oxygenation, along with a minor amount of
volatilization. Soil gas concentrations of TVH, ethylbenzene, and xylenes increased at
MPC as a result of more highly contaminated soil gas being driven from the VW
toward MPC during the testing period.

Soil petroleum hydrocarbon concentrations measured at the site during the 1-year
study are not as conclusive as the soil gas results in demonstrating contaminant
reductions. While TRPH concentrations decreased significantly in soil samples taken
from the VW at 60 feet bgs and at MPB at 50 feet bgs; increases in TRPH
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concentrations were noted in the VW at a depth of 29.5 feet bgs and in MPA at a depth
of 40 feet bgs. The increases in soil TRPH concentrations are most likely the result of
local variations in contaminant concentrations, typical of discrete samples. To a lesser
extent, similar inconsistencies are also evident with soil BTEX measurements.
Generally, the BTEX concentrations show an overall decreasing trend over the one year
study. This is significant since BTEX compounds represent the most toxic and mobile
fuel contaminant hydrocarbons. BTEX compounds, while presenting the greatest risk,
are more readily biodegradable than the remaining TRPH fraction. It is also important
to note that soil gas measurements, as compared to discrete soil samples, are considered
more representative of overall site conditions.

4.2.2 Results of Soil Gas Survey at Site ST12-A

A soil gas survey was conducted at Site ST12-A on June 6, 1995. The purpose of
this survey was to determine the long-term radius of oxygen influence at the site.
Results of this brief soil gas survey are summarized in Table 4.4.

High concentrations of oxygen in soil gas samples collected from depths of 24.3 to
73.2 feet bgs at MPA, MPB, and MPC (Table 4.4) indicate that the radius of oxygen
influence for the current pilot-scale system is approximately 40 feet in permeable soil
zones at these depth intervals. A soil gas sample collected from monitoring well MW-6
was anaerobic and contained elevated levels of carbon dioxide and TVH. These field
sampling results indicate that the basalt at 135 to 150 feet bgs at MW-6 has been
impacted by petroleum hydrocarbons, and that biological fuel degradation is likely
occurring in the basalt. The expanded bioventing system described in the following
section will be configured to allow the injection of air into MW-6 to deliver oxygen to
local permeable zones of petroleum-impacted basalt.

4.3 Expanded Bioventing Treatability Study at Site ST12-A

The purpose of the expanded bioventing treatability study at Site ST12-A is to
provide oxygen and stimulate aerobic biodegradation in an expanded volume of
contaminated soil at the site. Because the extent of contamination is not yet known at
the site, it is unknown if this effort will result in oxygenation of the entire volume of
contaminated soil. One additional VW and manifolding to an existing MW will be
installed for air injection, along with an additional MP, and an upgraded blower unit.

4.3.1 Layout of Expanded Treatability Test Components

The proposed upgrade to the existing bioventing system will include the addition of
one VW, one MP, and an expanded blower system, as shown in Figures 4.2 and 4.3.
Additionally, manifolding will be installed between the blower system and MW-6 to
allow air injection at this point. The new VW (designated as VW-2) will be installed
30 to 40 feet south of the existing VW and drywell along the western side of the
existing asphalt driveway. Placing the VW at this proposed location will allow the
oxygenation of petroleum-impacted fill and saprolite south of the drywell. Also, the
extent of contamination to the south of the drywell will be better characterized. The
radii of influence around the two VWs should overlap sufficiently because the long-
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TABLE 4.4
SOIL GAS CHEMISTRY AT SITE ST12-A
JUNE 6, 1995 SURVEY
HICKAM AFB, HAWAIIL
Screened
Interval ¥ Pressure 0, CO, TVHY
Monitoring Point (feet bgs) (" H;0) (percent) (percent) (ppmv)
Site ST12- A ¢
MPA 12.4 0.10 NAY NA NA
24.3 0.25 19.2 0.6 700
65-75 1.5 NA ¢ NA NA
MPB 14.8 0.10 NA? NA NA
36.1 0.28 NAY NA NA
72.8 58 20.9 <0.5 15
MPC 15 0.06 NAY NA NA
37.6 7.0 NA? NA NA
73.2 0.05 10.2 2.5 7,800
MW-6 135-150 0.34 0 11.5 1,500

¥ Designates screened interval and its depth below ground surface in feet. Center of interval

measurements are given for monitoring points, except MPA 65-75.

Y TVH=total volatile hydrocarbons; ppmv = parts per million, volume per volume.
¢ Soil gas measurements collected after 72 hours of bioventing system operation. Air injection flow rate approximately

75 cubic feet per minute.

¢ Sample could not be collected due to soil gas short circuiting to the atmosphere.

NA= Not analyzed.

¢ Sample could not be collected because the screened interval was flooded; perched water level was

63.15 feet bgs.
7 Sample could not be collected due to highly impermeable soils.
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term radius of oxygen influence during the pilot test was measured at 40 feet from the
VW. Air injection into MW-6 will provide oxygen-rich soil gas to petroleum-impacted
and oxygen-depleted basaltic layers between 135 and 150 feet bgs. The additional MP
(designated as MPD) will be installed approximately 35 feet west of the existing VW.

This proposed location will allow information to be collected regarding the western
extent of contamination at Site ST12-A. The existing blower system and shed will be
removed and replaced with a new, larger blower system and shed set on a concrete pad.

4.3.2 Vent Well Installation

Figure 4.4 illustrates the proposed construction for the new VW at the site. The
VW will be constructed of 4-inch diameter, Schedule 40 PVC pipe, with an
approximate 80-foot interval of 0.04-inch slotted screen set at approximately 20 to 100
feet bgs. A two-screen configuration may be required to prevent perched water, if
present, from entering the well casing. Flush-threaded, PVC casing and screen with no
organic solvents or glues will be used. The filter pack will be clean, well-rounded
silica sand with a 6-9 grain size and will be placed in the annular space of the screened
interval from the bottom of the borehole to at least 2 feet above the top of the screen.
A 13-foot layer of bentonite will be placed directly over the filter pack. The bentonite
seal will be placed in 1-foot layers, with each lift of bentonite hydrated with potable
water prior to the addition of subsequent layers. A competent bentonite seal is critical
to prevent injected air from short-circuiting to the surface during air injection. The
VW surface completion will consist of a 12-inch diameter, flush-mounted wellhead
protector emplaced in a concrete pad.

4.3.3 Monitoring Point Installation

A new MP (MPD) will be constructed as shown in Figure 4.5. Soil gas oxygen,
carbon dioxide, and TVH concentrations will be monitored at approximate depth
intervals of 30, 55, and 90 feet bgs (the middle screen will be placed at the elevation of
the perched water zone encountered during drilling in April 1993 (ES, 1993a); depths
of shallow and deep screens may vary due to the potential presence of perched water
onsite). Multi-depth monitoring at the new MPs will determine whether the soil profile
affected by the expanded system is receiving oxygen.

The MP will be constructed with 3 vapor probes placed in 6-9 silica sand. Each
vapor probe, constructed of 6-inch-long sections of 1-inch diameter PVC well screen,
will be centered in a 7-foot layer of 6-9 silica sand. The annular spaces between
monitoring intervals will be sealed with bentonite to isolate the intervals. The bentonite
will be placed in 1-foot layers and hydrated with potable water prior to placement of
subsequent layers to ensure complete saturation of the bentonite.

4.3.4 Soil and Soil Gas Sampling

Soil and soil gas samples will be collected before the system is started to establish
baseline conditions in expanded areas, and to further define the magnitude and extent of
contamination at Site ST12-A.
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4.3.4.1 Soil Sampling

Between five and seven soil samples will be collected for laboratory analysis during
installation of VW-2 and MPD. Sampling procedures will follow those outlined in the
protocol document (Hinchee et al., 1992). A TVH vapor analyzer will be used during
drilling to screen split-spoon samples for intervals of high fuel contamination. Split-
spoon samples will be collected at 10-foot intervals at Site ST12-A. Based on field
screening results, samples from the most highly contaminated locations will be
analyzed for TRPH by EPA Method 8015 (modified) and BTEX by EPA Method 8020.
If extensive contamination is encountered during drilling, up to 7 samples may be
collected for TPH and BTEX analysis. Sample collection and handling will be
conducted in accordance with procedures outlined in Subsection 2.3.5.1.

4.3.4.2 Soil Gas Sampling

Soil gas samples will be collected from the VWs, MW-6, and the MPs and field-
screened for oxygen, carbon dioxide, and TVH. Soil gas samples from the five most
contaminated locations will be collected in SUMMA® canisters in accordance with the
Bioventing Field Sampling Plan (ES, 1992) and submitted for laboratory analysis of
BTEX and TPH by EPA Method TO-3. These soil gas samples will be used to predict
potential air emissions, to determine the reduction in BTEX and TVH after 1 year of
system operation, and to detect any migration of these vapors from the source areas.
Sample collection and handling will be conducted in accordance with procedures
outlined in Subsection 2.3.5.2 :

4.3.5 Blower System Installation

A 5.5-horsepower regenerative blower system capable of injecting air at a flow rate
of 200 cfm will be installed in a new blower enclosure at the location of the current
pilot-scale blower system. This blower system has been conservatively sized so that 2
to 4 additional VWs, installed with screened intervals in either the saprolite or deeper
basalt layer, can easily be added to the system in the future, to achieve oxygenation of
the entire fuel-contaminated area. Both VWs and MW-6 will be manifolded to the
blower system. Separate throttling valves will allow flow to be balanced between the 3
wells. The blower at Site ST12-A will be powered by 480-volt, three-phase, 20-amp
power obtained from inside Building T-35. If possible, existing subsurface conduit
installed during the initial pilot test will be used to route the conductors. Installation of
electrical equipment, buried electrical conduits, and necessary wiring will be provided
by an electrical subcontractor hired by Parsons ES.

Based on data collected during the initial pilot test, an air injection rate of 50 cfm at
each VW should be sufficient to attain a long-term radius of oxygen influence of 40
feet from each VW, sustaining aerobic in situ fuel biodegradation within this radius.
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4.3.6 Blower System Startup and Operation
4.3.6.1 System Startup

During the startup of the expanded system, the air injection rate into each VW will
be optimized. Flow rate optimization is accomplished by gradually increasing the air
flow to each VW until all MPs reach a minimum oxygen concentration of
approximately 10 percent. The blower will be checked to ensure that it is producing
the required flow rate and pressure for air injection.

4.3.6.2 System Operation and Monitoring

Following startup, the system will be in operation for 1 year. Monitoring of the
bioventing system will include system checks once every two weeks of the blower
operation, including outlet pressures, inlet vacuum, and exhaust temperature. System
checks will be the responsibility of Hickam AFB. Any major blower system repairs
that are required during the first year of system operation will be the responsibility of
Parsons ES.

4.3.6.3 Extended Testing

Parsons ES technicians will return to the site following one year of operation to
perform the following scope of work. A comprehensive system check will be
conducted to determine the long-term radius of oxygen influence at the site. An in situ
respiration test will be performed to ensure biodegradation of fuel residuals is
continuing at acceptable levels. Finally, soil gas samples will be collected from the
same locations as the initial sampling event and analyzed for BTEX and TVH using
EPA Method TO-3 to determine the degree of cleanup achieved over the year-long
period.

5.0 HANDLING OF INVESTIGATION-DERIVED WASTES (IDW)

Disposition of drill cuttings will be based on physical appearance (i.e. odor and
staining) and field soil headspace screening results. Uncontaminated soil will be spread
on the ground surface adjacent to each boring, and contaminated drill cuttings will be
placed in a temporary lined landfarm at Site ST12, in accordance with procedures
outlined in the Investigation-Derived Wastes Management Plan for Hickam Petroleum,
Oil, and Lubricant Storage Annexes and Pipeline (ES, 1993b). One composite sample
of the landfarmed soil will be collected and analyzed during the 1-year sampling event.
In addition to BTEX and TRPH analysis, the landfarmed soil will be analyzed for
polycyclic aromatic hydrocarbons (by EPA Method 8270), ethylene dibromide (by EPA
Method 8260), and lead (by EPA Method 7421). Final disposition of the landfarmed
soil will be based on the results of this sampling event.

6.0 BASE SUPPORT REQUIREMENTS

The following Base support is needed prior to the arrival of the drilling
subcontractor and the Parsons ES pilot test team:
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o Assistance in obtaining drilling and digging permits;

« An access agreement which will allow the installation of VW-1 and VW-2 at their
proposed locations on private property at Site ST10;

o Gate passes and security badges for the Parsons ES bioventing team and the
drilling subcontractor.

 Vehicle passes for one Parsons ES truck, and a drill rig and supply truck.
During initial testing and system installation, the following Base support is needed:

o Approval of selected decontamination areas at ST10 and ST12 where the driller
can clean augers between borings;

« Approval of the selected area for the temporary lined landfarm;
« A potable water supply for well construction and decontamination activities.

During the 1-year extended pilot test, Base personnel will be required to perform the
following activities:

o Check the blower systems once every two weeks to ensure that they are
operating, and to record the air injection pressure and other parameters. Parsons
ES personnel will provide a brief training session on this procedure.

« If a blower stops working, notify Mr. Greg Pierson or Mr. John Bridenbaugh of
Parsons ES-Honolulu at (808) 944-8009, Mr. John Ratz of Parsons ES-Denver at
(303) 831-8100, or Lt. Maryann Jenner of AFCEE at (210) 536-4364.

« Arrange site access for a Parsons ES technician to conduct respiration testing and
soil gas sampling approximately 1 year after the initial pilot testing and system
installation.

7.0 PROJECT SCHEDULE

The following schedule is contingent upon approval of this pilot test work plan and
completion of base support requirements.

Event Date
Draft Work Plan to AFCEE/Hickam AFB 27 July 1995
AFCEE/Hickam AFB/Regulator comments to Parsons ES 14 August 1995
Final Work Plan to AFCEE/Hickam AFB 22 September 1995
Regulatory Approval September 1995
48
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Initial Pilot Testing/System Expansion October 1995

Letter Results Report/As-Builts/O&M Manual December 1995
Final Respiration Test and Soil Gas Sampling November 1996
Letter Results Report December 1996

8.0 POINTS OF CONTACT

Mr. Bill Barry/Ms. Christine Kerschus
15 CES/CEVR

75 H Street

Hickam AFB, Hawaii 96853-5233

ph: (808) 449-7518

FAX: (808) 449-9723

Lt. Maryann Jenner/Mr. Patrick Haas
AFCEE/ERT

8001 Arnold Drive

Brooks AFB, Texas 78235-5357

ph: (210) 536-4364

FAX: (210) 536-4330

Mr. John Ratz

Parsons Engineering Science, Inc.
1700 Broadway, Suite 900
Denver, Colorado 80290

ph: (303) 831-8100

FAX: (303) 831-8208

Mr. Greg Pierson/Mr. John Bridenbaugh
Parsons Engineering Science, Inc.

1357 Kapiolani Blvd, Suite 1120
Honolulu, HI 96814

ph: (808) 944-8009

FAX: (808) 944-1618
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APPENDIX A
GEOLOGIC BORING LOGS AND WELL CONSTRUCTION
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Depth
(test)

8-NCH STEEL WELL HOUSING
e WITH LOCKING COVER

P ————— WELL SLP CAP
BRASS SURVEY MARKER )
A o Y Rianaicias {Elevalion = 672.30 ft]
P PR r'es]e®
o = O L B
38 D) " et 12-INCH DIAMETER BORNG
L ARELE S R
St LS00
oy Ee O ins 8-INCH DIAMETER STEEL CONDUCTOR CASING
o 1R B
| Sf o) [ :0 1O Je———— HAWANAN CEMENT GROUT
» f",": e K2
31.0 alQ = o il
O o 4-NCH DIAMETER SCHEDULE 40 PYC WELL CASING
s s WITH FLUSH THREADED JOINTS
o Lo HAWAIAN CEMENT GROUT
122.9 =
E BENTONITE PELLET SEAL
i
1251 _
6-NCH DIAMETER BORING
134.5
SAND FLTER PACK [COLORADO SILICA 8-12}
4-NCH DIAMETER SCHEDULE 40 PVC WELL SCREEN,
{flush-thread and 0.020-inch siot sizel
155.0 \ THREADED BOTTOM CAP
BOTTOM OF BOREHOLE AT 156 FEET
0 6 12 inches
= 4 -
HORIZONTAL SCALE
VERTICAL NOT TO SCALE
Marding Lawsen Assesiet Monitoring Well MW-7, Waikakalaua PLATE

Engineers and Geoscientists

Hickam POL Fuel Storage
RP Stage 2 Technical Report - Site 2
island of Oahuy, Hawai

E-75

owi

APPROVED REVISED

JO8 NUMBE R DATE
04300,031.06 07/89




Equipment___Mobile B8OL - Afjr Rotary

Blows/ OVA Sample
foot Reading (ppm) Depth (ft) Elevation__672.30 ft Date_2/11/88
0

PINKISH GRAY GRAVELLY SAND -

(5YR, 7/2), dry, loose, (fill)
- DARK REDDISH BROWN SILT (ML) -
(5YR, 3/3), moist, stiff

10-

- at 17.5 feet, color change to DARK
RED, (2.5YR, 3/6)

20— at 20.0 feet, color change to STRONG
BROWN, (7.5YR, 4/6)

30- at 30.0 feet, color change to DARK
REDDISH BROWN, (5YR, 3/3)
24 38.0 at 31.5 feet, color change to VERY
- DARK GRAY, (5YR, 3/1)
at 33.8 feet, color change to WEAK
' RED, (2.5YR, 5/4), (saprolite)

40—~ at 42.0 feet, color change to DARK
REDDISH BROWN, (5YR, 3/4)
at 45.0 feet, color change to DARK -
- REDDISH GRAY, (5YR, 4/2)
at 47.5 feet, color change to STRONG
BROWN, (7.5YR, 5/8)
50— at 52.5 feet, color change to
YELLOWISH BROWN, (10YR, 5/4)
at 55.0 feet, color change to
- BROWNISH YELLOW, (10YR, 6/6)
at 57.5 feet, color change to OLIVE-
>50 140.0 GRAY, (5Y, 5/2), silt becomes hard,

60— with some iron-oxide staining,

(saprolite)

- at 65.0 feet, color change to DARK
REDDISH BROWN, (5Y, 3/2)

70-
at 72.5 feet, color change to BROWN,
(10YR, 5/3)
. at 76.0 feet, color change to OLIVE-
‘ GRAY, (5Y, 4/2)
80-
9 Marding Lawson Assoclates L°9 of Boring MW-7 PLATE
R Engineers and Geoscientists Waikakalaua Fuel Storage Annex - Site 2
IRP Stage 2 Technical Report -
Island of Oahu, Hawaii E 61
JOB NUMBER APFRN 1 1Y OATE REVISED DATE

04300,031.06
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Blows/ OovA

38 >1000

foot Reading (ppm) Depth (ft)
80

Sample (Continuation of Log)
OLIVE-GRAY SILT (ML) - (5Y, 4/2), hard
(saprolite)
- at 83.0 feet, color change to DARK
REDDISH GRAY, (10R, 3/1)
at 88.0 feet, color change to VERY
90— DARK GRAY, (2.5Y, N3/0),
100-
/
- /4 OLIVE-GRAY BASALT - hard, moderately
vy strong, little weathering
€8
110-{ {7,
- >
~Y at 114.0 feet, color change to
-1l MODERATE BROWN
1>q'
A > Y
120-} |~ 7
L E
r

1A at 124.0 feet, color change to
- 4 OLIVE-GRAY

130-| [,

3 at 137.5 feet, color change to PALE
! YELLOWISH BROWN
140-| ¢

4

150-| o

- Bottom of boring at 155.0 feet.*

* NOTE: Boring drilled an extra five feet
due to borehole instability (sidewall caving).

Harding Lawson Assoclates L°9 of Boring MW-7 (Continued) PLATE
m Engineers and Geoscientists Waikakalaua Fuel Storage Annex - Site 2
IRP Stage 2 Technical Report -
Island of QOahu, Hawaii E 62
DR J NUMBE R ALCIV LDy . v vi 1
kar 04300,031.06 | - e .
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ENGINEERING-SCIENCE, INC.

1357 Kapiolani Blvd., Suite 1120
Honolulu, Hawaii 96814

ES

Log of Monitoring Well ST12MWO3

PROJECT: Hickam POL LOCATION: Waikakalaua Fuel Storage Annex
PROJECT NO.: 723200 SURFACE ELEVATION: 673.62 ft. MSL
OATE -STARTED: 0/-MAR-93 INITIAL H20 LEVEL: 2168 ft. MSL
OATE FINISHED: (7-MAR-93 FINAL H20 LEVEL: 22.22.ft. MSL
DRILLING METHOD: Air Rotary TOTAL DEPTH: 670 Feet
DRILLING COMPANY: SSSI LOGGED BY: N. Matsumoto
{ o )
w|{S|a WELL OTAGRAM
=10
wl &l8le]| 3 GEOLOGIC DESCRIPTION
E g = : E 2 Protective Cover
33 E E o é é 3 {'_—j with Locking Cép
O—-]|W0n a. -] (L] w0 ﬁ . .
B sTCcL CL CLAY AND SILT. dark reddish brown to dark brown, low of PVC 8t 675.65 4
. to high plasticity, dry to moist, with patches of ft. MSL ]
5§ 9 / weathered minerals observed. \ Concrete Pag
3 % N :
‘5___ / \ pe—— [0° 00 Black —‘:
. / Q‘ .gteql Conductor
1 asing ]
20315 / § =
53 % N E
303 / 40" PVC Blank
E / § Casing 3
= % N :
=N A / Q § >
457 * % § \\\ 3
50_: % :i E Grout —:
-4l | 7 N -
60— a7 % 'Q . § I
653 / § b\ =
703 % § § ]
15 / N § E
50_'_. 236 % Q -{
. STCL/ CL SAPROLITE: dark grayish brown, low plasticity, damp to =7
85— 332 / mois!, with chunks of slightly weathered basall. o
2 7 \
95 / § _ =
100 | | 535 ? § E
5L /i | Bk E

Re)
Q
Q

M

Q

-~
()}




[ES| ENGINEERING-SCIENCE, INC. | | og of Monitoring Well STI2MWO3

Honolulu, Hawaii 96814

PROJECT: Hickam POL LOCATION: Waikakalaua Fuel Storage Annex
81 a
~ 1 Y81 3]
wl &l8lel3 GEOLOGIC DESCRIPTION WELL DIAGRAM
x izl e T B
- x —
Be|zl2j51&8
ollnlad |l S| o 7]
. steLl/ /4 cL -
31 | 104 [VLBAL. L INACM WEATHERED BASALT: dark gray. gravel to cobble sized, .
110 y angular to well rounded fragments. Some clay, dark —]
4 gray with some very dark gray patches. No odor, no 3
9 flouresence. 3
"5__ Bentonite Pellets —
003 | {232 3
25 VLBALL WEATHERED BASALT: fight olive gray, porphyritic, 3
. 35 vesicular, weathered olivine, pyroxene and amphibole B
~ crystals. RQD 10% to 54%. Grades to CLAY: Brownish n
130 gray, medium plasticity with angular to subangular basalt =
n gravel. -
1353 -
‘40"_ 0 =]
145 -
150 VLBALL S WEATHERED BASALT: light olive gray, porphyritic, _t
3 vesicular, no fractures, weathered olivine crystals. RGO 3
n 48.5%. : .
|55"_ =]
60— BASALT: medium gray wilh greenish-gray flecks, 3
3 aphanitic, slightly vesicular, horizontal and vertical 3
. fractures, RQD 60.3%. No staining, no odor. .
165 —
170 BASALT: olive gray, porphyritic, stightly vesicular, -
7 weathered olivine, pyroxene and amphibole crystals. ]
7 RQD 50%. ]
75— BASALT: moderate brown, porphyritic, vesicular, .
] horizontal fractures. RGD 57.8%. No staining, no odor. -
180 BASALT: medium greenish gray, aphaniic, horizontal _ .
m fractures. T
185 , -
E BASALT: light brown, porphyritic, vesicular, vertical and . E
180 1 horizo horizontal fraclures, olivine, pyroxene crystals. —
1 RQD 63%. No staining, no odor, no flouresence. - 4
195 =
00— BASALT: dark yellowish brown, porphyrilic, vesicular, .
. verlical fraciures, olivine, pyroxene crystals. RGQD 83%. 3
. No slaining, no odor, no flouresence. -
205 e
2‘0': 1 _—_
215 BASALT: dusky red, aphanitic, vesicular, mostly rubble, .
. some weathered olivine, pyroxene and calcite crystals. 3
. ROD 15%. Black staining, no odor, no flouresence. ]
220 . —
225 -L E

Page 2 0of &




ES ENGINEERING—-SCIENCE, INC.

1357 Kapiolani Bivd., Suite 1120

Honolulu, Hawaii 86814

Log of Monitoring Well STI2ZMWO3

PROJECT: Hickam POL LOCATION: Waikakalaua Fuel Storage Annex
8 [7p}
~|lwlS|a
w 8 818 s GEOLOGIC DESCRIPTION WELL DIAGRAM
R B o
= s ]
LglzlelE|& |0
o2|ln| & 1ol wn
. VLBA[:.-': NACHM BASALT: dusky red, aphanilic, vesicular, mostly rubble, ]
7 y some weathered olivine, pyroxene and calcite crystals. 1
230 RQD 15%. Black staining, no odor, no flouresence. —
2353 E
) 40— VLBA S BASALT: dark yellowish brown, porphyritic, vesicular, =
3 : (S horizonta!l fractures, olivine and pyroxene crysials. RGO .
n viBal/ /- 100%. No staining, no odor, no flouresence. .
245 95 BASALT: dusky red to grayish brown, aphanitic to =
] porphyritic, vesicular, verlical and horizontal fractures, B
250_— few olivine, pyroxene, and calcite crystals. A
255+ -
3 3
. .
260 —
265
275
280
B VLBAL S, BASALT: dusky red to grayish brown, aphanitic to

porphyritic, with olivine, pyroxene and secondary calcite
crystals. Horizontal and verlical fractures. RQO from
50% to S3%. Some black staining, no odor, no
flouresence.

BASALT: dusky red, aphanitic, vesicular, mostly rubble
clinker. RQD 21%.

s
VLBA_/F~ NACM
s

vLBA

BASALT: grayish brown, aphanitic, vesicular, with
horizontal and vertical fractures. Some reddish brown
weathering along fractures and some black staining.
RQO 54% to 70%. Grades to clinker, RGD 28%.

l|ll‘lllllll.llllllllllllll[llll'llllllllIllll|

1
|llll

o ' i
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Honolulu, Hawaii

ES ENGINEERING—SCIENCE, INC.

1357 Kapiolani Blvd., Suite 1120
a6814

Log of Monitoring Well ST12MWO3

PROJECT: Hickam POL

LOCATION: Waikakalaua Fuel Storage Annex

N
—~1 8 — 4]
w & 38 Q s GEOLOGIC DESCRIPTION WELL DIAGRAM
Z 2= z|g |2 |

-— -

solzlet=l&l o

O-|Wn a. - © (2]
] VLBA / NACM BASALT: grayish brown, aphanitic, vesicular, with E
7] o horizonlal and vertical fractures. Some reddish brown .
350+ 0 weathering along fractures and some black staining. —
: RQD 54% to 70%. Grades to clinker, RQD 28X. .
355 3
360— 3
3653 =
Z VLBA BASALT: pale brown to dark reddish brown, aphanitic to .
370 1 ) phaneritic, few olivine crystals, horizontal to vertical 7
. * fractures. Some black staining, no odor, no - .
— flouresence. RQD 39% to BIX. E
37153 =
380—5 _:
385 - ) 3
390 o vLBAL S BASALT: grades from dark reddish brown to grayish .
3 . brown, aphanitic, vesicular, vertical and horizontal ]
. fractures, olivine crystals and some very {iny crystals ]
395 too small to identify with hand lens. RGO 81X%. —
400— VLBAL S BASALT: dark gray, porphyritic to aphanitic, some olivine 3
. and pyroxene crystals, vesicular, horizontal and vertical 7
7 R fractures. Some clinker. RGD 16% to 74%. b
410—: 0 —E
4153 .
1420 -
4253 ]
430 0 _-—_:
435 -
40— VLBAL /- BASALT: medium gray. porphyritic, olivine crystals, -
] vesicular, vertical and horizontal fractures. Some black __ 1
7 staining, no odor, no flouresence. ROD 0% to 18%. ST
445— -
1450 i ::
455 -
460 -
465 L -

Page + of




ES

ENGINEERING—SCIENCE, INC.

1357 Kapiolani Bivd., Suite 1120
Honolulu, Hawaii

86814

Log of Monitoring Well STI2MWO3

-

PROJECT: Hickam POL

LOCATION: Waikakalaua Fuel Storage Annex

BASALT-pale ced porphyeilic _vesicular mastiy rubble

wl| 8| aw
— o - [72]
w & g1 e s GEOLOGIC OESCRIPTION WELL DIAGRAM
3 e I e I
-— P }
yelzlel=z1&]|o
Qe {Wn a — (&) (2]
E VLBAL/ S NACM —— -
3 / ~ i BASALT: medium gray, porphyritic, olivine crystals, :
4703 /7 vesicular, vertical and horizontal fractures. Some black B
. 0 staining, no odor, no flouresence. RGD 0% to 78%. =
4755 ]
480 =
485 3
490 0 -
495 VLBAY. /. BASALT: dusky red to medium gray, aphanitic to e
7 ) porphyritic, olivine crystals, vesicular, verlical and 3
500 horizontal fractures. Some black staining in fractures. _:
. RQD 89X. - :
5053 E
. VLBAY /- BASALT: dusky red to medium gray, aphanitic, E
0 weathered olivine, pyroxene, calcile and amphibole b B
crystals, vesicular, vertical and horizontal fractures. 3 .
515 Some black staining, no odor, no flouresence. RQD 94% -
n to SO%. 3
520 -
525 - -
530 0 E
535 -
540 /) -
- VLBAL BASALT: dusky red lo medium gray. aphanitic to - ;
545 porphyritic, ofivine and pyroxene crystals, vesicular, =
. vertical and horizontal fractures with weathering along 4
. fractures. Some black slaining, no odor, no ]
550 0 tlouresence. RQD 95% lo 54%. -
555 o)
560 -
5657 —
570_: VLBALL S BASALT: medium gray to dark gray, porphyritic, _E
. Y plagioclase feldspar crystals, vesicutar, vertical and -
- /- horizontal fraclures. Some pahoehoe structure. RQGD 5
5753 99% to T7X. -
3 /] 5
580— VLBA% NACM BASALT: dark reddish brown to dusky red, aphanitic, —
. 4 vesicular, mostly rubble. Some black staining. Some .
e S ahoehoe structure. -
sesL|  iesr Aoy o =

G OO N N D BN O N BN T O D N O B G D B e
o :
o
il

Olivine crystals. RQD S0%.




ES

ENGINEERING—-SCIENCE, INC.

1357 Kapiolani Bivd., Suite 1120

Log of Monitoring Well STI2MWO3

Honolulu, Hawaii 96814
PROJECT: Hickam POL LOCATION: Waikakalaua Fuel Storage Annex
8 w
-~ Y i I
w g gL = GEOLOGIC DESCRIPTION WELL DIAGRAM

z 12{S| 2|15

Lol |E| &8

olln|lac |l S || o
3 VLBAFZNACH - — —— e
o ViB f/ A BASALT: grayish red, aphanitic, vesicular, mostly rubble~ =
60 LBATT T NAC “clinker”. Some interbedded saprolite. e 3
3 0 [viea NACH BASALT: medium gray, porphyrilic, vesicular, olivine 1
R crystals, vertical and horizonlal fractures, some N
595—_ﬂ weathering along fractures RQD 49%. —
600—: —E
605—: —:
6‘0“: y (viBalL /- BASALT: moderate reddish brown, aphanitic, vesicular, -—:
= clinker. - -
615 i yers SAPROLITE: grayish red. ]
. VLBAL/ZY” BASALT: medium gray to.pale reddish brown, porphyritic, 3
3 J olivine crystals, vesicular, verlical and horizontal .
620— fractures, much rubble. Some black staining. RG0 58% =
= to 88%. 3
625 3
. .
30— ) -
635 ss 3
3 VLBAL/ /- BASALT: moderate reddish brown to grayish red, ; ] - .
40— ) aphanitic, vesicular, vertical and horizontal fractures, n o Sandpack -
- . mostly rubble. RQD 33% o 99%. 1I—-. .
5453 VLBAL /. BASALT: pale red to dark gray, porphyritic, olivine - : [— 4.0° (0.02°]
B * crystals, vertical and horizontal fractures. Some black 1= Stainless Steel 5
] staining, no fluoresence. Sirong TPH odor at 651 FBGS. =i gtre—urapped 3
e RQD 59% to 44%. 1= creen -
650311 o =l .
] Groundwater at 651.94 FBGS =1 14 3
6551 - =l -
660—5 =L Standara —E
3 St andard— - -]
] TD of Well 3t 661.83 FBGS O%‘ g Steel Cap - ]
665? O '_‘o-e—-o >4——  Gravel Backfi}
3 "00.C ]
o103+ TD of Hole at 670 FBGS £ b
3 D of Hole at Diameter of =~
] Hole = 10° B
675 =
580 3
685 ]
G E
30— -
6595 =
700 =
705 —
Page 6 of €




APPENDIX B
GEOLOGIC BORING LOGS AND WELL CONSTRUCTION

DETAILS FOR SITE ST12-A
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$-NCH STEEL WELL HOUSING

Depth
(foet) : WITH LOCKING COVER
1 , ———— WELL SLIP CAP
BRASS SURVEY MARKER _
v B coumem& SEAL  GROUND SURFACE
] R ot [Elevation = 689.12 ft)
gl g S Y
- vy 4" @ Jos———— 12-INCH DIAMETER BORNG
6f-$:0 ,c_-." .
RS £} By
OO 000 10 ]
i FAP A A 8-INCH DMMETER STEEL CONDUCTOR CASING
Lo 0] 00 19 HAWANAN CEMENT GROUT
e IO YR NS
30.5 =1Q e o
O; 2 4-INCH DIAMETER SCHEDULE 40 PVC WELL CASING
] x WITH FLUSH THREADED JOINTS
O o HAWANAN CEMENT GROUT
128.5 2 i
BENTONITE PELLET SEAL
129.5
I:? 8-NCH DIAMETER BORING
135.0 ::f
SAND FLLTER PACK [COLORADO SHICA 8-12)
- 4-INCH DIAMETER SCHEDULE 40 PVC WELL SCREEN,
’ Hiugh-thread and 0.020-inch siot sizel
150.0 THREADED BOTTOM CAP
SLOUGH
155 - BOTTOM OF BOREHOLE AT 165 FEET
0 8 12 inches
i

HORIZONTAL SCALE
VERTICAL NOT TO SCALE

Marding Lawsen Asseclates
Engineers and Geoscrentists

PLATE

E-74

Monitoring Well MW-8, Walkakalaua

Hickam POL Fuel Storage
IRP Stage 2 Technical Report - Site 2
Island of Oshu, Hawall

o 04300.031.06

APPROVED PEVISED

DATE
07/88




Equipment__ Mobile B80L - Air Rotary

Blows/ OVA Sample
foot Reading (ppm) Depth (ft) Elevation__ 689.12 ft Date_ 2/9/88
0
DARK REDDISH BROWN CLAYEY SILT (ML)
- (2.5YR, 3/4), moist, (fill)
10-

- at 15.0 feet, color change to REDDISH
BROWN, (5YR, 4/3)

20-| |L¥f]  GRAY, (7.5YR, 5/0), and DARK REDDISH
¢ GRAY, (5YR, 4/2), SAPROLITE

N M at 27.5 feet, color change to VERY
) M DARK GRAY, (5YR, 3/1)

at 32.5 feet, saprolite becomes hard

M M at 34.0 feet, color change to VERY

-1 | DARK GRAYISH BROWN, (10YR, 3/2)

46 >1000

40—

50-

>50 >1000 ¥
60— i

70~ Vi
i M at 72.0 feet, color change to DARK
Vi REDDISH BROWN, (5YR, 3/4)

80- v
ESRETEE Harding Lawson Assoclates LO.Q of Boring MW-6 PLATE
FITH| Enomeers and Geoscientsis Waikakalaua Fuel Storage Annex - Site 2
vl IRP Stage 2 Technical Report E_59
— Island of Oahu, Hawaii
ODRAWN JOB NUMBER APPIY Y 4 (0 DAtE RE vISED o \] 3
kar 04300,031.06




Blows/ OVA Sample

foot Reading (ppm) Depth (ft)
80

35 >1000
90—

100-

110-

120-

130-

140

150-

-

* NOTE: Boring drilled an extra fiv
due to borehole instability

(Continuation of Log)
\
Vi
1 M
N y at 88.0 feet, occasional fine sand
v pockets
\%
M at 93.0 feet, color change to DARK
VV GRAYISH BROWN, (10YR, 4/2)
V]
v
v
MM
v
Y
"
!,4’ DARK GRAY BASALT - hard, moderately
Ve strong
<>
AT
, > 1
A>
LR 9
b
N,
AN
>A
> 4
4 -
v A
b > ¢
/>v‘.
s 7
'1<r
'v"-y
N e at 140.0 feet, color change to PALE
[ AV RED
,"l
- ¢ 4
v_‘<
nl,q
P
AV
‘47<
\Z<.P
P74 Bottom of boring at 155.0 feet.*

e feet
(sidewall caving).

e Marding Lawson Associates LOQ of Boring MW-8 (Continued) PLATE
BT\ Eromeers ano Geoscientss Waikakalaua Fuel Storage Annex - Site 2
Sl IRP Stage 2 Technical Report E_GO
Island of Oahu, Hawaii
JOB NUMBER APPRO, LD DATE REVISED (» \} 3

04300,031.06
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PROJECT-

LOCATION ID: S.7e Z Len” b/

LOG OF BORING: .

DATE STARTED:

3-50-93

GBOLOGIST/ENGINEER * Crzore 2. % ,//5/5 / Tokn /247

DATE .COMPLEIED: ¥ -9 3

NOTES

NG @ Smss e

DRILLING METHOD: ./ 5V

BORRHOLR DIAMETER : ©. 5 “

-ﬂ—

o grs 2 AS0Le /T

SAMPLING METHOD: s/°/ .~ S.200 SURRACE CONDITIONS: &5 ° 4, Svamy
DRILLER: Eeo /P55 . O‘ -
L) m L
l gﬁe\s é% ZICODE ,
gfgé gg%%é éﬁé MATERIAL DESCRIPTION 5% G - NOTES
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gl
17 _| B |
l 18 £9 /)’ Sﬂg/o._///e - Ly AT errwe IRron A
12 oo FA /)/V//"Co/.ofetf /))//‘«6/’&/:., ofivimg O. O Froom sIrnbrceT
o | l e SkComSery Co ferte. VEST Cvlor 69. S yon, 6m390€ 05
. Zo ! 5_ - /_ Z o . 77 a/@r-v/ﬂ,é Cerv ﬂ;/"/"*r@c/ —
21 1 A _/;-—; 0lST. Ao cefolr or f;é'u/r‘l/ﬁj' w éél/ A’"’/?/;///o:
22 4 — AoSor Sz Fec red
i i
24 R . ’ o
T (o] - (,Z ; 2r. ///7
26 L ! S-/abv//-7 Lo rer’
] o |
q 27 Lk
28 _| s
Q —lz /. P Q[’./e - méc/ /’S’)/‘c'pfl\/wl // - » ,/__5"/-
2 ’ '113 ly/l _zq')/j‘,;vo)//m.-uaz W{a\/w(?r&/.ﬂﬂf‘c/@f. /f/:(,é\/ /Oégéf"o/ i o
3¢ 4 l; \L —_’,‘JzQ// 0, /gfj;u/u r, Very rors 7. 0 . © po~ S99 € >
’ o Sorno Slock STivcwerrg oreSilens . .
% Engineering—Science, Inc. PROJECT NO.




PAGE Z
JoroEcT . — ACEL OF7
LOCATION ID: 35,4 Z -Vent we//  |LOG OR BORING:
4 L3
Q
2 P §8 goonn :
E%% gé MATERIAL DESCRIPTION 3les NOIES
.ZQ RIS E g.:
1 T L
2 _ S L
AL
4 _| P
I n L _
6 _| o L
7 _|
i L}
33 i ! B ’ . o
>_ X7 'll/ 7/ —39 j’ Y/o 9ra[, /e ) Oﬂr/( /JJ/CWN v ©-0O Ve A/’-gltwf
o Y |k, Very Aomogensvs. mesensef |
6 CoNr‘/’.‘/"“ 7ed. 5'["7;(7:/ N)’/CV/ar’“(/-Z/h,h)' z 2Z€ £a77/< /\/Ofp
. ' T ery morsT. 0der And SlAck
2 — Jl —5‘/—,0/~rr‘7 ,orereNf .
3 _ - CV/?'//’?}/Co/»./,./c,
A Cro S S0
S5 - - |
€ - _
7 - —
8 ] _ - -4
9 - X S 597 SprediFe ~ SAA ¥ 99 ver, srre 3
$6 — - ] okl
U 7 | O oot
9 — V X Loves g sonF €
p— & s27395
'} 3 -
é — -
. S — - _ “(v)‘//njf ~oX
6 — | Cormrng oo oF
Aol sorvsr €
l 7 ] [— S'ﬂfvr“vxﬁg.?’ffl/(,t///é
8 _ ) %% /w)V)erl
g — iz A,I _57/; s roz’/e - Drk Brow as, s X, 0. rom WMJ}QA{7
l 66—- X'ﬂ 9 /o Z/S',O,VJ.//I‘: aa{?/m?‘ﬂé Conn $o Vooko Fed. ' {é’o"pp/n J/ﬂ}ylg /'//):7'
32 _/Vo/\/ vesrcu/or, (/?}-7 SoarS T, O r o/v_/ Py —
_J"I‘/J/mrnr.)
l NOTES:
l ' Engineering—Science, Inc.
\ .




PROJECT:

LOCATION ID:

SrAE T Lenss e

PAGE 3 OF Yy

L.OG- OF BORING:

DEPTH

(FEBT)

SA]

SA]
BLOWS/6 *
DRIVEN/
REOOV,
STRAT,

0
GRAPHICS

MATERIAL DESCRIPTION

2

2.98)8)2

ik

NOTES

3!
|

<y
Q
-
>4
‘:‘T\

B

I

W o N O LA NN~
l

W o N~ N =
l

N -t
I

W o N OO~
|

)
o
[ 1
=
-
:\
~

69"} Sapreli1e
e porcles,

Lote mrorsrvre .
B ST rr7] .

'“79//' _S'/ngul/)ﬁg. o/ive Lroves, AArS

— and b ConScli/nFRS. SIS LA,

' vVesrco/ar. Srrors T, 2o/, oc/s ":J

’rS . 57‘/0//.;//:0 i
) J

, .
X9 )' E/OQ/‘O///Q TR b BrOow N . YA, very
e svso r (Z‘: 7-}‘7'\—') FrochresS eo\r/7>‘,7r;o/’,
S/;; AT vever, PPPo0n@ ol S)‘/V/;V/;.y

- o//ve€ Sredrs brr 7S,
vVery C'oMJ'a//o/m/ea/-
5-/’7,{/ Oclor onesS AO

»'cv//,,,y S Shwg
C~/n/»7 ov7 oF

<&
- Ston 0»/‘///,7

|

0.0 2o/ AOrren7

12006 ppm £ag9se Hos,

S/
0»/‘///,.7

Y

E 7z Curtms
&eCome very bro 7
Gad Clmy 7%
TZXArE -

0. l oo A s T
/Zyé Pl ("*}7/6 /‘"'/Jj?)

S
Of/'////vj

G+ OLAOM g Ere s
EFS rr~ A,g/e ACSp

5 .

Gl I BN N G BN W WD =N M e =

Engineering—Science, Inc.




PAGE 7 OF &

LOCATION ID: S»7€ - vemr wer |10G OF BORING:

W N O N A WN -
!

N GBS UNR NSNS G- En--En
W o N O L N~ WK = R
R RO U A TSN RO NN

><]

N -
l

W o N O U~
|

i

0 | .,/gZ,)' Seprelire— LrglF greyrsh Erown
s ot Sty Ard msf oS3l Fed.
_V"GS/(\,/.;/- (/"flnm ). /% o/;‘fl .S'//y/ S oder
TS 1, 7€ sl _f//v/zv/f:j

7_0665@
Joz’

2 E——
o B Sho
: : 0»_-,///,7

--C'V 7‘//‘/7 s i/
(aM/~9 v
e £,

OC.C Prm w4 bren7

757 poom Eosgre Koy

— D rs ey A rs
G xFre~ & K i

NOTES:

Engineering—Science, Inc.




BB B B B B E B E EEE N
5
I J

PAGE 1 OF 2

PROJECT:

LOCATION ID: Hz-z- MPA LOG OF BORING:

DATE STARTED: Y-/5-93 GEOLOGIST/ENGINEER : & 200 /€7, I° 25072
DATR COMPLETED: %-7/6-93 NOTES:

DRILLING METHOD: 5~ BOREBHOLE DIAMETER : /o £

SAMPLING METHOD:

St 7 Sy ed

SURFACE CONDITIONS: —m5uAdasl®  ont 5,05

‘ DRILLER: &ec/erzs

' o5 1 0s PR oy, Dok RVSTy Red.

gl I %
ISz = SICODE
ol S| % 5 Py E , &
E e:gé §éj§ MATERIAL DESCRIPTION b}% G NOTES
<
A 3525581586 & 4
7 I i—z// Brock Asplcs 7 9r0Ls s 1o
2 OCE d Resois K Kroon .r’//\\ O"A:J Cr9o~/CS. /‘/J;'f
3 T ;;D; (.ar,\( /rfO}/heavflS 4 ,g— _—/zj/.j - D ///r)
_ J1F . )
4 i ola Pli—
3 i ol 1Pt ]
..\— i P § h ¥€Naar(a,4{
a0 B @A
7 _| : _ .‘
8_ — -‘C’:’ ?’,’J\,}ﬁ/’ /qu/"v
o oot Xor} © a A,
9 — — -~ A Z A/;

éve// Cor 5o il fcs, VEry /{/v/huy(;ve'.v!

prro

T AexAvre, very, . e s 5—77{;/4.‘/»/3

- O o,‘/q r e

21
22 _|
25
24 |
25 _

27 ]

30 5

|
|
|
20 _| Z? 5”'.""

S’OK’_"/’ ¢, VCry Dok RLTy Frwn—

’W”/ Some e Here POAVF/AKES Tlicky,, o)
VfJ’;Cv/f Very rmwors7, src $S779 /,V,,y SL#
- S'rN,V} A sroCaklc~ oo’or‘.

T S0¢ A€ k7 avge Fer foffﬂh‘)é

CArS AO sp 045}/‘(

-& /s ‘ Cu/r’/,j_;'

-

O fopim AmErens

Gec~xrneg V&Y
G'o’ocaé-./

- /5~ ‘ 0’/7//17
£ Con rre very, ersy

—- O PRI OmEienT

- Z&o Aopom {'039/< A0S p
'&/’: Za’ Ao sy
ClLi/er G 0 £ lva’gr
Cor/s/ &La o'./y o

SernS or Sorveled
Se. L,

’
V22 D ///r); _\"/dl‘—e.o/
Doetvrr Do rFo
L 7 (v///n?:

-€ ?3’ é‘o..fy 0r'/AIy
aﬂa\/’/\/

—"o"yet‘ ‘vﬂ//&‘._/ qe’qvf

VA e ’/f/br/z«a,fm/;, Sonck

N
(e}
=M 4= 0D DL

Engineering—Science, Inc.

PROJECT NO.

P B




df oli* " oi* o™ o™ o™ o™ o™ o™ o™ o™ o™ ol aliP
|

PAGEZ OF J
PROJECT: .
LOCATION ID: A7-2- mea LOG_OF BORING:
& -
Salel>.. §8 SlcopB
ab [F3|=aRES 228 1
3 1 {75167 ‘. o y
— =T SQoro o fe. Do rk 1270 ns CvordL Seo Aoy PPM ombrent
2 _] PRAGC PRTles, et CuwssoliSey, 2300 ppm, Brygee H05p
3 very Vesiov/ r, LBlhcei J‘J”/L‘//w.y evr XL J
] — v<o> 'S-r‘r('"'j 0(/0'(*/ #P20s57. /"‘(/CI--\/(
4 _| s Drslfony Spers
S _ A
6 _| F —
7 _| K -
. —(\/'///)7 s
g _ o —
L Cor trmom P d
g _| _ fﬁo/yf Aex Avre
yo - // ‘ —9 LAC N é -~ RE—
1 1y Z‘f” 7’ ? M— T PR Do S ’f/ﬂc/c OP/’/‘& /V/H(/(N?J
— B — Véry X°/~oJ€~CwV.f, ”)o/er,&§ Co rv S0 ST Y
2 - /7 € —Vesiasdor (/- Smn ). Compd e Fromck 700 or3n Soyg9re Nosp
3 | _ S-/;v//,/,,j tor A/ very, yc,-/‘anj OSsr., rcirT
‘ nd 0#4‘//;,‘)\
] - S-/olv /-'—)f.’. e
S - — JE— o ~ s, 7
8 — — .
|
g _| _ :
U
v 57 — i
> Zyll J M, Oﬂmmj 75 A I5re s s /X
1 lo RES o PLereg) o9 rede :a-m°’/e’o'./£§ ConSc/edoAy - o,”/’& aonice st
2 _ 3 _J'//;/{ s l’C.f'/(v/ar-'/ 7swve rrn///vzn) SLv st Sosrne S50 L i Fogsie Aarss
Coo, 05 Solver. ¥, Pors7T ’ ’ ’
3 — - ~
£ _
5 - —
6 — _ SA 0/‘///7
7 — .
8 - —_—
g — .
& o — - '

NOTES: N Dsp: ffen Spe &

Engineering—Science, Inc.




r R E E E E E T T T T T Y TTEF T

PAGE 3 OF 3

PROJECT: : :

LOCATION ID.: /77-2-mrA LOG OF BORING:

OJ L3
QlSl>..l . 8 ) QB)DE

e ML DR gags
Q SEAS . & I
1 | or,//u7 ALY

Slot . A»e/(y%r,’,,7y
2 — ore DIFLC /A
3 _| | o /o/e/vf'/s,
>
4 _] -
» AT . ,
—] XZG 6/’ P —55; ymfra///el 1/2,(-/ /3’/‘01;,,/ {nﬂ?‘i———— — B0 A0 An Ere it

6 _] Vi — e I/Nu/f:-ufa et Asom&red OSSE 2 €l T &80 pom Leggre Aosk

7 ] O _/7wr/\/ (aN.ﬁ//o/o./ea/, f”y-(f/y .

. | ves,cvtor, Ru.ck TTR rsrnng bot 74 -8 72 0""//"’7

. — — Odar*‘ Arr0l ST Lo Coirrna v Fr7ESE
] / — - Aand §lon

70 — 7 — —

AN E L ;

2 - (

3 1 - , [

75 ZZa '3 m TOLSS ———————— ] mqnf
€ . — 4 75’ 280 fpomm ABrgg ¢ V0T
7 — _ .
g — -

S - -
1 _
2 -
3 — -
4 — —
S 7] — |
6 — —
7 — | —
8 — -
A I i
NOTES:
Engineering—Science, Inc.




PAGE 1 Of 3

PROJECT:

LOCATION ID.: ¥ 2Z22-r1°03

LOG OF BORING:

DATE STARTED: &¥-9-93

GEOLOGIST/ENGINEER : &~ sn.Acv2 , J. 12077

DATR COMPLETED: ¥-/3-93

NOTES:

DRILUNG METHOD: /4579

BOREHOLE- DIAMETER :

/oL o060, FTE-2F

SAMPLING METHOD: 372/ 7 Sycoe e

SURFACE CONDITIONS: 9 -rvsys 04s AO5SpLo/#~

DRILLER: &eo 40/5S

o

MATERJAL DESCRIPTION

c

:

INST,

USCS

L C

NOTES

G‘f S,/ PRy 74 Sl o CorznkL /(fo-yfhc,\f:

- oy PNISS, Zeosy
ConSoridotel, wo odsr or STRIMn (-1 553

{-‘ f///-‘-v//‘A 6/4y oany Corzol /‘/‘a*j/ndﬂf;
- ; ~ f N S/O/q O/XCF)V"Q //‘co\.\ /-/o az—-

2o, AL Ferrnc b2o e reS
e rnlS . Cor/}/ch,erv\/e‘/ /CvalfJ
Gﬁc/\')/, ﬂ/V/‘Ae fyro, ol re W/Of?/vvz

SLislAS srrer st

L9 L7 wrzon & AProre’ N JE—
2 4
v A CSeve PSS, ofving, ~oyroxesf

Anot Tosme ACuNVV’)f CALSCrAh2 mnS ol‘jzoaz/c:;
= STIAT Alorigomsod FrocAreS. Conso e

Aro

gﬁk\ ES
ste e
<
Qéﬁémamé8o
k-
1 ] 419
419 — ! >
2 _ blddll 7-5 =37 seme
b7 $
3 ] ’ dg —  OArie sPrones s~ Colo T, 0/‘y
4 9k
7 44 [°
5 o] 81
3
6 _ %4 M-
- 4|9 P
/] d bledl_
8 - pu——
9 - —
e 5 -
) I ;-zi IZ". —/0 2/, <o
v K ]
THEEE
4 -—! — ‘V'Cw//er*e‘/ M’Nfrp\/_f; NO
13_i ' _ ff/v/,w,yj
14 _| _
16 _ _
17 _ ~
18 | B
19 _
205 Z'gfcé’ oo res fe -
21 1 1 -
S0 12
T A
25 _o\~(/ e sV Sorre/,
24 P Very Dry, wvon VeSiculs
. 0 _
5 .
! O | o
26 _| /-
27 -
28 | -k
29 _| ~
Sl
X Sce Nvexr o9e A

2037 Faund

.S_/:O//\”a) or Wt

oSvr O

Nero

F Cortal

N\

¢ 7
v/

Z PPN AMEre~T
9 pom Foggrd WO

)

ARST Drs Yy
/

)

/¢ oAy Cutom
C/ror.)c I A?//ef

lire o s

C Ppa AmbrenT

? Loa /:’-7?,:( VL

(

J

Or//A,j SVt e
Lorrr o & 7FE

J
Z9° Aerr odar
e A2e S

Engineering—Science,

Ine.

PROJECT NO.




PROJECT: . ’ PAGE 2 OF3
LOCATION ID: A7/~ 20— 77277 '
T J LOG OF BORING:
L . 8 V)
E ] = ~JCODE
MATERIAL DESCRIPTION o) ¢
l a § & ég ;;;gg J NOTES
3 2" ; Ged o)t

1 — 13 5" ——-3/ ; fﬂﬁfo (f/e, /-?'(V(/&f/ S =4 L 0 ppn PN
2 _| 2 | ORANIE et S IncaAleres porches Joo pom ,_‘,A?}’e‘ o
3 0*/4(4), os'/.//”&/?fo,lxt C‘J "’J‘CAJQ//OI_\/

P ™ VIS Ar, No 5T0ccnn3 . slgRT Sove~7 @707 coter cLonge

4 - R — OdoR | SL LrG resST Ffroa. oork f3rown
S _| o . o ReSrrsl Ccolor
6 _ L —] L
7 ] ! I FoST Drssl o
8 — I/ 6\7/'//\/ 7

~
39 _| < .
\ .

J — ! . )

y ><;§ 2" - —07; SAprols7e, Aeghs przoriiered Yo

1 — — o C/A?y Foxdore, RrvsA, Zes Brovw N O wpan mbreaT

2 _ _ Cor Fh Fonr YeiTore pPotcls. ey Con So/7 /042 2o pom Gppre N0

< Blocidy, trop VESicw lo r, Slydily oS, ] .

S el T Od-«/‘/o)(::'lvr P :7{/’3/:‘//. ’

P ; ~2 N/

A

" - fos7

S - 9rch _ ﬂr/l'///ﬂ/.;
© : |
7 _ )

8 — i——— ] 577"50’/7'/6'/0
- - , ff/cr«}er /&//a(ﬂr{
J Aoy’ S0 SAprdify, Dork Rusky Sronis, — O SR, s STELy e

1 } 3 - 97‘0\/7 . Seme Free~ loeorilere) =2y AeleS . 0‘7%-’“’9§ To bAATER

13 ConsSoflortes, (sz/.:\/ tor Al Some Abrizowy o ’1094’? - hoTER
2 — Ao~ S, _j‘/,;,//é Vesianlr, mers 7z ao C o ne Aore/
3 7 _ ffrO/Nz'“jl Lo frle COor, ’ . "OpPh AnEre~T
/ T/ Poo PR 6:\7}/4 //0;'/)

L = — Ao 7T
- | — ”

7 907 |

8 7 / — ~J
9 — - . 060~ ST o Do,y
6 ] : . f"/cj /fﬂ;;,;r. _9fav7l<o

° Crom so yp e ¥

NOTES: S S7 = S spear

Engineering—Science, Inc.

N




s Bb  BE BL B BE BE BR BE BE BE BN BN BN BN BN BN BN N ]

PAGE § oOF
PROJECT: : .
LOCATICN ID: 5 Hr-z-mpP&B LOG OF BORING:
N «
Slalals | €8 SICODE
B i, PR gagal
ol [FEEaR53 Z8 5|
1 _| . | -0,/ 7'/./9\.;,13;___(
Ar e fogc’ weFY
2 _| = ” i
T ? N\ve/’ 7”7 o [v:xff.“
3 _| _ APrese .
4 _ 5 L
S Kzd¢” A S5 Swoprolite, SA
= d < ods , I
6 3 p ) SEpre’e, 2A Oritony @
7 n /)’la-/ff-)‘;: ;1.-:—_—__}‘
2] O "< PRl a7
] — -
S L § oy, é‘fy re Wi
- , — -
70 L ] - (vrf/ry A re /VA::'/,.}
,]’ Srevd G _Co,,,,,,) 7
1 - é — oF Lota
2 ~
3 ) —
£ S SAA
72 ‘ O[’ 7 ’ v
75 | X., o e Zm;ﬁfogéj e 2 Y2 VA el -5 refces bow 2
& — " 75 - Sor STl e,
] - oss I T A et
7 4 - e oo -"1; Crockey
8 | _ A rom /'-'v;i'r_;’
—- € Fonpyl ATy
9 - — el “;7/”"5;00:»./
1 _
2 —-— —
3 —_ —
A —— b —
5 — — s ed
6 -— S
7 — L
8 — _—
9~ - i
NOTES:
Engineering—S'cience, Inc.




PAGE 1 OF 3

soTEZ ﬂfﬂ(_ 1LOG OF BORING:

TE STARTED: S~ &93 FOLOGIST/ENGINEER : (729, & /727747, [ Tohn 07
: NorrESF
DRILLING METHOD: _A/5.9 . BOREHOLE DIAMETER : P~ ,
SAMI’UNG METHOD: 5,0/ £ Spoov SURFACE CONDITIONS: 25~ L /ov%/ Aot T IresS
C C Q%Dj
MATERIAL DESCRIPTION gﬁi J NOTES
: &R o
27 Bk AL /7
2, 5, Soth gy et SERAL Lrogmeny
; R o7 Seme orgon < LYST
b LPre v as, /aa_ré/ (o//fc/c/ /-’c/. 01?){ - éfosy
: - ANC ogcr Or S'/,o//v/‘/y . Of/‘//lzp
° - ~ (/— 9 ,Bgf) ]
- 4 b}~
a 7 _ 4 o1a 1 . i N
8 _| _ ¥ & 2 mat Cornd
i : ~ s
a ° 27 & 97 Sih, b CSay. RS Brons Trmgaments €0
10 __5‘ ] || . Lo L oRANMIE hea Az e o rele s — O©. O 200, ombrend
Vi b | Blecky, Shedereried, CorSiliderfe Ou2 oo Saggle HOSP
a 17 i ‘ ‘ 5/4;1#9 IrorS7. Aro cor OF S//p./”/‘ﬁ‘
13 ll ! i ' |
R B R -
' 14 \ P _
15] _ ’ ] ) 7‘{‘ E/{,Co/qf'
16 \ ‘ s A OFTK
._i - A ro s A
17 j _
' 18 _
1o _| : N
! i; 8// 77 Ay W KL ST A D0 s rr. 0.0 pyom o drtns?
2G /u e sl & Corosclifss S Lo flos e o] P o,
. 217 _S_r‘/c;é,waJ I S EF eSS SE9RIE tryonT? 0.0 psn Enzpls
Sy o 6Sor <or S‘?"/Va‘/#/‘/‘; .
22 | | J
. 235 - ¥ Stol 7 /»'//:/09\/
24 - — CAermge @ 715
. 2513 1. | —
26 _1 - . - —_ 0/1'////7
. 127 4 /o €r
128 | - v (.
22 _| Ua_..l_ |79 Soorols AC - TAN- 2 ‘. ) | \i/
. IZ// 55 ;__{_’Z_i/__ 77 0o en AL ) . 0O oM Am&/er«f
| 30 1 P Cor suloi e/, /f/chy, Ve V’J‘/ 2 Ya ) _
E 0‘.’7 Sy RtL, Sr70s5 7. Ve ry srrcky o odkr OI‘J/A?/A///‘ l lo' O rem brgyee HOp.
! Engineering—Science, Inc. PROJECT NO.




PAGE 2 OF 3
PROJECT: —
LOCATION ID: sv 7= - 200oc LOG OF BORING:
S|, - g VkX)DB
§ g é % MATERIAL, DESCRIPTION ‘gg S NOTES
S5Ea2ES o it
1 .
; > I ol
B3 _ A L priting
CASY .
4 5 P B 0\71011\/
5 | I/ ! ’
6 _| 6 L
7 _| L |
!
g _
T
9 > 7 -39, 5'42/"0//7‘16 — Recs'si BLrowsrs, '
Yo _X 112 6 | /‘//}f(\/)r Cor SoS00/m F2S . ArCAs vesveu o | 0. O poom Aomérzns
' Yo e 72
1 B C'//V}, Loke HAexFore . 5'//';//5, Are /S C-0 sr0m //"j9/€ AOsp
A Cdor O .)-7"/9/;\//;:/04 )
9 _| . .
3 4 —_
yA— _—
5 | _ .
€ —
7 - _
g _ B - A
9 ] \V; hrd }7/, — y?; f/ﬂ 9/‘0—.//'/‘?‘ - /J}/'OWNIX/«/ /f/ﬁ(/é k'. 'I/.'/"""'/‘-://? ;C: '/I//
50 | X 1 — o 4 A PRes Priles . Lonnl Core ALY & ¥9 Bas
Al 9//-'/","\/ fexHtra . S e LSl
17 Ao ook O’r‘ 5'7‘/0//‘//"’)
2 ] - ' 0 il
3 7 - j/ow/,.'7~
L — = 2 tv o
. i B |
5 B - s
s (‘/7”'.‘(//175‘
7 N B Corn ’I'j "/-) [1’('-‘--?-
8 7 4 —
g — X? ‘2// _{7)‘ _Y/Oﬁro//'/e - AN /770/@/'.\7’6/7 0.0 pom Ambren?
e ' | Corsesvaro Fadd. Ahn Vessoudr. VEA ' :
SH kg Sy E e san i W odor OF 5/_"’7/”,;‘ 36.¥ pon A,oyz/cz Aospo
NOTES: sz = Aewc/ 5 €
Engineering—Science, Inc.




PAGE 3 OF3

ID: s 7ez-p0C 1.OG OF BORING:
) < , Qooma
é g 'MATERIAL DESCRIPTION : gd NOIES
5 A 2l
s |-
A
" P —a’s?)’ SAproliFe - Owork A, [Prom
5 _| 4 |2, AL Block ofriviire fo0Fel2 s /’JOCA’fc\/G'é_ 0:0 pom com ér¢nst
6 | o _(o/‘/S'u //Ioésfe/. Vessevh e (3"»6/!1/19 P l/' g /oA éﬂjj/? /\/0_{;'3
7 | L _S/;//é Mr0s5F, o odor or s 70rn g ¥ o5 Sl
g _| I L S oo Fnken
g T B & EY-65 %8¢
¢ _
0 — — > ]
1 -
2 | —_
3 —_
yA— — .
5 _ — 7O GBS S pp—
6 | 3 @
7 75’
. i ]
g —
- _
9 - _
5 -
4 - |
< - ]
6 —— N
7. —
g — |
g — -
— e ‘! —
NOTES:

G B OO G B = En

Engineering—Science, Inc.




i1

PAGE 1 Of ¥

[ PROJECT:

’EOCATION ID: 5 re - Fockgroon| 1OG OF BORING:
DATE STARTED: __J-Z9-73 SAOLOGSI/ENGINEER ;L7207 & o222 /E0 /T e (207T
DATE COMPLETED: NOTES:

BOREHOLE DIAMETER: _p~

SAMPLING METHOD: Sw< 7 SPzor

SURFACE CONDITIONS: vy J2 7/, 9,y <oweld

DRILLER: &e-r~9/735

l DRILLING METHOD: /54

CODE

¢
:

J T | &g
Halas e =
EE %E%E% :}é MATERIAL DESCRIPTION a § J NOTES
AL [Z5IRAEROS Ged| D]
1 4 f—‘,(/ﬁ\/ s SO 702/(/,o>/ /OZ A /(_— -
2 _| _Sone OryA wres. Resorosl Crown, oo i el
3 } Corse //A/o#?dr [0’-\/(;65//(1 /y} f/’/(,é/,,ej_g 0/"/////’7
— — O~ STV EE €s5s, Very 0/>,_ ~e odor O

o M
i

(o)

O O, N
|

102

1 i

1

25
24
25 _]

27 4

_s‘f,v;;wh; p

11 _Low st S, o eroe SHckonre ST on e/

0 it et oy s € L 5T O daclon
et A, 2 oS ro Pl Con Se /v 7SS

S A FE eSS, ORYV e oder o 5'7‘,\0/}//,,5

—

-

C- 0 e A2y é/eﬂ'/

25, S pom FPoyre HOP

O. O rn Ao ren

?0-/,0/7/»‘ é/o.)yfé‘ DS o

¥ 0//'////7
f/ow/n7 orr
Sor72L

N A vsng Fso

SarXe / I oS o7}

d
.
'
4
s
!
L
k
k
‘.
!

h
L

Engineering—Science, Inc.

PROJECT NO.




-

D
W
W o N O U b N~

— s e
DEPTH|

paGEZ oF ¥
PROJECT: : .
LOCATION ID: 5-7€ Z - Rockgro~/ \LOG OF BORING:
1 I
Slalels | S8 S\coDE
e % i pEe—— ZE M
=) | ZLS] . & |
ITNE . . ]
o . b . g < -/ o
B K7 12" '3,/-'9/./ be Ml oy (.("/f ” Z 0.0 L9 m Lot
— | — C‘/,o>/- DARrLk Lo M- ﬁ?odéfa/c§,
| consosotsted, Brock). Fmodkra Fo 9205 poi Boggse fng
i % SAekNRSS, /vVE ogr o)X 3‘7;0/4,/»7 #‘Z’?‘/a/;)y 4o @
— : ;’; Soprofi# R, Dork Rckysh Kot - (./71/,,,75 sAY
—1 — MNow~N vesrcv e r, m// CaNrC//c/Q?‘Z(/- Gm,r,? Vp r/o"v
i < | ey crt o LiAlofis ), Styits sy
B A ’ _ e oy or _',“7(4/'”/»?
] P — - .
qo _] X? 7 (e .70)‘ S gm/"/e -5'/V/\7} f/’y//é shorSE — 0. 9% Lom\ g, Lrent
' o - 32:% popm bony9/€ L0Sp
2 — [_ —
3 1 — \
YA T — )
> 7 € I —
& — - \
!
7 - ;/' ] i
6 - -
\
S - Voo ?
50 — —50/’ Sﬂero[/%{:’ ; fﬂﬂl -4 f‘/ — “
1 7 i ‘ ;
2 — ———
3 — p—
¢ - N}
g — L 1 * ((////n? z-va
i (a/n/zv vy o~
6 7 B el . gy Soes oo
7 = — Sove e/Vovj/
g - | FrgvR. ml K
g — - . (/fﬁonjq f/‘}f’
£s — - A —
NOTES: ), ) 3w 5 A Gy S S
Engineering—Science, Inc.




Moreer

|

!

l

|

" N N . - .
| |

~
I

N~
I

W o N O WL L
]

[
>

a
L
P

14

/7

M~ 0RDHDdDnN —

p—

.

65 Sopratite~ S04 —

370 :' _S-/Vefa//'fe —j/Vﬂ

PAGE § OF &
ON ID: 7€~ Z ~océzn/ |10G OF BORING: |
Omwé | 8 ICODE
: MATERIAL DESCRIPTION ARl NOTES -
E%% Q§§8§ ' E 2.-1

0.0 om ambrerT
2Z. 7 PP Engyie Apsy

0/?////'7 )77__&/
A7 a«/€re~/4€

C.0 pom Arr2 7@ AT

(3.5 pom Bayzre Moig

Engineering—Science, Inc.




- PAGE & OF &
ROJECT: : .
| | LOCATION ID: S-7& & - Sockgrovnd |LOG OF BORING:
| Salel>. | E8| SicopR
o el Wil
SIS o
7 v/ , o .
1 - X é S —70 /' M - S0 /O R SOm Bren T
2 _ ) A = _ O’?/J///h éa;y/e /\/0%.
3 _| : |
4 P
S i £ B
— o I —_
6 _| -
, L
- | —
g _| -
5 T
— ¢ I
100 —] X"?_z, N soe  eprelife = TN e -0 pom Ambre~nt
1 155 _ Y35 poum Enzzre Ao
THBES
2 - ©
3 —
: | /00 7 /.?}f
g _| - |
€ —
7 - —
g | _
3 -
1 — |
2 — —
3 — —_—
& — |
S — — ——
6 — | —
7 — —
8 — -
9 — .
— | i |
NOTES:

Engineering—Science, Inc.




